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Summary 
This paper evaluates the logistics for production chemicals used on the offshore installations of the 
coast of Norway. Statoil provided the following problem description: There are an increasing number 
of fields on the Norwegian continental shelf that are going in to mature stage of its production. In 
this part of the field’s life cycle the need for production chemicals are increasing. The problem for the 
supply chain is that the tank capacity on-board the installations are limited and the procurement 
process is significant. The technology on the tanks on-board is old and manual readings of the tank 
level are needed. This could lead to the need for priority calls by the supply vessels, which are costly, 
or in the worst case stop in production.  
In the first part of the paper the offshore supply chain at Statoil is described, and a description of the 
importance of the production chemicals is given. A brief description of the theory related to the 
problem within the subject of Supply Chain Management is provided, and a chapter describing the 
field work at Statoil is also given. It was concluded that simulation modelling was to be used in the 
analysis part of the work.  
Discreet event simulation is a common method for analysing complex systems. This method allows 
the user to evaluate effect of changes on a system prior to making them. This is useful since 
introducing changes in the existing system could be very costly.  
The simulation case looks at the situation on three of Statoil’s installation on the Norwegian 
continental shelf.  The values that are evaluated is the tank levels for the different chemicals, and 
how these values develop over time as changes are introduced to the case in different scenarios.  
There were developed four different scenarios: 
 Scenario one: The systems were modelled with the existing tank capacities with four 
different demand settings. If no problems were found in this scenario it was assumed 
that the system functioned satisfactory : 
o AS-IS demand based on the average demand over the last three years 
o 10% increase in this average demand 
o 25% increase of this average demand 
o 50% increase of this average demand 
 Scenario two: Introducing increased capacity. This scenario was evaluated for the cases 
that had an inadequate result during the first scenario.  In this scenario the tank 
capacities were increased to be able to last for 10 days with a demand given as the 
maximum possible in today’s situation. The simulation was conducted for the same 
demands as in scenario one. 
 Scenario three: This report is also evaluating the effect of Integrated Operations, and one 
important topic in this field is sharing of real time data. Based on this the model was 
alternated so that the tank levels could be monitored in real time, automatic tank level 
reading, providing an “IO” improvement to the system. A simulation run with this setup 
was done for all the installations for the same demand values as in scenario one, and the 
tank utilization grade was compared to the case in scenario one. 
 Scenario four: In this scenario the automatic tank reading setup was combined with the 
increased capacity of scenario two. This is assumed to be the most realistic of the 
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improvements, as installation of new and larger tanks offshore most likely would feature 
this new technology as well. 
This simulation study can be seen as a “what-if” analysis. And the results are presented below: 
 Scenario one:  Satisfactory results for both installation A and B for all the demand levels, 
indicating a sufficient tank capacity at the given demand. Unsatisfactory results were found 
for the chemicals H2S remover and Nitrates at installation C 
 Scenario two: Increasing the tanks at installation C for the chemicals mentioned above gave a 
very large improvement in the result, indicating that the capacity in the existing setup is 
insufficient for the demand situation. The result was also that there were no problems when 
the demand rose from the initial average to the 50% increased level. 
 Scenario Three: Allowing for continuous monitoring of the tank levels gave an improved 
utilization of the tanks at all the installations. The benefits of this alternation to the system 
was found to be largest in the situations that had the worst results in the original setup used 
in scenario one.  
 Scenario four: This scenario gave a perfect result for all the demand values that was tested 
on the case of H2S remover and Nitrates for Installation C. The good results from the 
alterations in scenario two and three continued to improve when they were combined. 
Using simulation as a method for analysing the offshore supply chain provides a good overview 
of the situation and the possible problems. The two possible improvements, increasing the 
capacity and implementing automatic tank readings both gave good results. Since the possibility 
to do this evaluation on the real system would not be possible due to the fact that the cost of 
such alteration would be too large,  it was found that simulation provides a good alternative to 
evaluating the supply chain. The simulation model does not give a recommended or optimal 
improvement for the cases where problems were discovered, but could be used to evaluate how 
the system would perform under different circumstances.  As stated in the conclusion, no cost 
calculations have been conducted on the results from the simulation. The result of such an 
analysis could be that some, or all, the improvements used in scenario two-four are unfeasible.  
This would have to be evaluated before a recommended solution could be provided. 
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1 Introduction 
This Master thesis is a continuation of the work I conducted in my project assignment the fall of 
2010, where I described the logistic situation in Statoil. This report contains an in depth study of the 
logistical management of the production chemicals needed offshore.  The topic for my master thesis 
was requested by Statoil, and I will be looking at a current problem.  
There are an increasing number of fields on the Norwegian continental shelf that are going in to the 
mature stage of its production. In this part of the field’s life cycle the need for production chemicals 
are increasing. The problem for the supply chain is that the tank capacity on-board the installations 
are limited and the procurement process is significant. The technology on the tanks on-board is old 
and manual readings of the tank levels are needed. The procurement is done in SAP, but mistakes 
and delays in ordering/delivery is an occurring case. Production chemicals are important in the daily 
operation of the installation, and are used to ensure safety of equipment, people and environment in 
different processes. The importance of the different chemicals are described in a later chapter titled 
“production chemicals”. If there are no available chemicals it could lead to reduced production or in 
the worst case scenario shutdown of production. The most common measure is to issue a priority 
order. Priority orders come at a cost and is not wanted by Statoil. If other alternatives were available 
they would most likely be preferred.  
This paper will be linked to integrated operations (IO) and the topic of integrated planning (IPL). This 
involves the use of new technology and real time data to enable people to work across disciplines 
and companies. The idea is to evaluate whether or not “IO thinking” and remote control of this 
product could improve the overall efficiency for this segment in the supply chain. An important 
aspect of IO is the availability of real time data and that this information reaches the right people. As 
stated in the previous paragraph, the technology on the installations in today’s situation does not 
support sharing of real time data. How the supply chain will respond to the introduction of automatic 
tank-level readings can therefore be evaluated as an implementation of IO in the process of ordering 
production chemicals. If the specialist onshore can see this data in real time it is feasible to imagine a 
situation where it is easier to plan for future demand. Statoil see the following benefits of Integrated 
Operations:  
• Improved HSE 
• More efficient drilling operations  
• Better placement of wells 
• Production optimisation 
• Increased recovery 
• Better reservoir and production control 
• Better monitoring of equipment and more efficient maintenance 
• Better resource exploitation 
• Increased regularity (uptime) 
The IO implementation evaluated in this paper could be seen as a tool to increase regularity or as a 
tool providing better production control.  
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This paper is looking at a specialized area of logistics, offshore logistics. The amount of goods that is 
shipped by the offshore petroleum companies is massive, and there are several actors providing 
vessels to service this need. Offshore logistics on the Norwegian Continental shelf has been discussed 
in previous work, such as the article published in Omega by Kjetil Fagerholt and Håkon Lindstad 
(Fagerholt & Lindstad, 2000). In this article the focus is on routing optimization, and the impact of 
closing installations for deliveries at night. This article formulated the problem as a vehicle routing 
problem, and use numerical methods to analyse the situation. The article concluded with annual 
potential savings of 7 million dollars for the petroleum company.  Espen G. Nilsens Master thesis 
“Robust supply chain design” is a continuation of the work done by Fagerholt and Lindstad (Nilsen, 
2009), where the robustness of the routing strategies proposed in the original study was the problem 
being evaluated. Where these studies focused on the supply chain based on the general demand for 
cargo, the purpose of this project is to evaluate the supply chain for a given commodity. These 
reports serve as background material on how earlier work has been conducted within the field of 
offshore supply chain management. Since Statoil has been the company evaluated in these reports as 
well as in this study, the supply chain is the same, and experiences made in these previous reports 
can be useful in this study.  
1.1.1 Purpose of project 
The main purpose of this work is to analyse the process from the moment the requiring personnel 
order the chemicals, until this need is fulfilled. Give a description of today’s situation and the wanted 
situation, as-is and to-be.  Find bottlenecks in the supply chain and recommend action for 
improvement. The evaluation of the logistic chain will be based on time where chemicals are not 
available offshore, and can be described as an inventory management problem.  
1.1.2 Activities 
 Describe the logistics for production chemicals, both for the need and the supply process. 
 Documentation of the systems linked to production chemicals 
o Ship design, tank capacity and tank layout 
o Tank layouts and capacities for the offshore installations 
 Documentation of the capacities for the entire supply chain, onshore, vessel, offshore. And 
provide documentation of the different loading time needed in the different steps of the 
chain. 
 Find documentation of the cost when shipment of chemicals is delayed. 
 Try to develop a simulation model in ExtendSim that can simulate the logistic process for one 
case.  
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1.1.3 Limitations 
 In the original proposal to this project, a section on routing based on the need for chemicals 
was optioned. This was removed since the assignment was already large, and this option 
could be as large as a new project. Routing optimization based on one commodity could also 
be leading to sub optimization of the supply chain 
 The final model could analyse how the situation would be for an unlimited amount of 
different demands. In the case only three alterations to the original demand was used. This 
was a limitation in the work based on time, and it was found that these three different 
demands would provide a sufficient indication on how the system would react as the 
demand rose.  
 The paper is limited to the production chemicals that were found used on the field evaluated 
in the case. This is reflected in the description of production chemicals.  
 No overlying user interface was created to the model. The original idea of the model was to 
create a user interface that would allow for other users to make alternations to the system 
parameters without having to go into the detailed model. This would allow for an easier use. 
This could probably been done, but due to limited time and experience with the program 
used to create the model this was excluded. The focus was on proving the models validity 
and getting results for the case problems. 
 The model as it stands is limited to the installation evaluated in the case. The model main 
structure of the model should be able to handle the situation for other fields, but the model 
has to be validated again for the new field before such a study. 
This paper is divided into four main sections. The first is the offshore logistics chapter which starts 
with a presentation of the case, a brief introduction to the Norwegian petroleum industry and Statoil 
as an actor in this industry and a description of Statoil’s supply chain.  The case description will then 
be more focused on the subject of production chemicals and a description of these chemicals 
importance is also provided in this section. The scecond section is a description of the field studies 
conducted at Statoil and gives a description of how the data used in the analysis part of the work has 
been collected. The third section is a description of the theory that this paper is based upon, supply 
chain management. This is a large field of study, and some areas of this field related to the case will 
be provided in the second part of the paper. The focus of this part will be on Operational Research 
and inventory management. In this section a detailed description of the method selected for analysis 
is also given. Some of the data found could be subject to confidentiality rules and will therefore only 
be presented in the appendix part of the report, this is data directly related to Statoil’s facilities. The 
analysis will be presented in the fifth chapter, and includes how the model has been built, the results, 
and also a brief discussion of the results found.    
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2 Offshore logistics 
2.1.1 The Norwegian petroleum industry 
From the start in the middle of the sixties the petroleum industry has grown to become the most 
important industry in Norway, and in 2009 oil and gas exports constituted 50 % of Norway’s total 
exports.  In 1965 Norway, The United Kingdom and Denmark divided the continental shelf between 
the countries, before exploration drilling was conducted in the area. The first rig on the Norwegian 
continental shelf arrived in 1966 and in 1969 Phillips Petroleum discovered the first field, Ekofisk, of 
the coast of Stavanger. The Ekofisk field started its production in 1971 and marks the start of the 
petroleum era in Norway.   Since this start 40 years ago the industry has grown and in 2009 there 
were 65 fields in production of the coast of Norway. A majority of the fields now developed on the 
Continental shelf is in the mature stages of their lifetime, and since the peak in the early 2000 the 
production of oil has been reduced with 40%. Increased gas production has however compensated 
for some of this loss. The industry employs approximately 250000 people directly and indirectly. 
Since the start in 1971 over 8000 billion Norwegian kroners worth of oil and gas has been recovered 
from the fields on the Norwegian continental shelf, and investments of over 1600 billion Norwegian 
kroners have been made in the development of oil and gas discoveries of the coast of Norway.  The 
industry is responsible for 26% of Norway’s income as a state in 2009. (The Norwegian Oil Industry 
Association) 
2.1.2 Statoil 
The company was founded in 1972 one year after the production at Ekofisk started, and can now 
look back on almost 40 years of experience. Statoil became the first Norwegian company with 
operator status on the Norwegian Continental Shelf in 1981. This was on the Gullfaks field, a field 
which is in production still. In the present time Statoil has the operator responsibilities of 
approximately 80% of the oil and gas production in Norway and employs 20000 people around the 
world. In addition the company is the technical operator of several onshore processing facilities in 
Norway and abroad. Statoil is present in 34 countries around the world and is by Forbes ranked as 
the 60.th biggest company in the world regardless of industry segment.   (Statoil, 2011) (Statoil, 
2011) (Forbes) 
2.2 The supply chain at Statoil 
This chapter will contain a description of the overall supply chain for Statoil’s upstream logistics, and 
what differs the supply chain of production chemicals compared with the supply chain of container 
goods. The different actors and the roles they play in the supply chain gives an idea of how much 
work and planning has to be done to ship goods to offshore installations. In the later chapter on 
simulation modelling the importance of having knowledge about the entire “system”, in this case a 
supply chain, is described.  
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The size of the logistics operations in Statoil and the resources the company control is best described 
in key figures: 
 34 Fixed platforms  
 18 Floaters  
 8 Anchor handling vessels  
 20 Supply vessels  
 20 Standby vessels  
 7 Supply bases  
 18 Helicopters  
 4 SAR helicopters  
 6 Helo bases 
  
The total outbound topside cargo each year is said to be from 650.000 ton to 800.000 ton. 
(Tysseland, 2010)The total bulk load per year is approximately 1.200.000 ton. 
In addition to this Statoil’s only way of getting their employees to and from the offshore installations 
is by helicopter, and each year about 190000 passengers are transported to the over 50 different 
installations. 
 
Figure 1: Statoil Supply Chain 
This image illustrates the typical order of the offshore logistic from the starting point where the 
requirements for goods arise at one of the 52 installations, to the management of returned goods 
(Statoil, 2010).This is a continuous cycle.  
2.2.1.1 Need/requirement: 
Some of the goods needed offshore are initiated from the land organization, and some are coming 
directly from the installations and the departments mentioned above. These needs are requisitioned 
in Statoil’s ERP-system SAP. Any goods that the installation wish to return to the base has to be 
reported to the material coordinator within 10 o’clock the day the vessel leaves the base. Any 
material that is going offshore has to be at the base the day before departure before 1600.  
2.2.1.2 Delivery:  
The suppliers receive the order from the purchasing agent at Statoil. The suppliers then prepare the 
goods for transport, following all rules for securing of goods and labelling. Supplies are then 
transported to the supply base that serve the installation it is heading for; Dusavik, Ågotnes, 
Mongstad, Florø, Kristiansund, Sannessjøen, Hammerfest. 
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2.2.1.3 Receiving goods at base:  
 At the base the goods from the supplier is received, and prepared for further transport. This 
preparation includes:  
 Choosing the right type of container for the goods (not all equipment can be transported in 
open containers/baskets and vice versa.  
 Make sure that the goods are stowed in a manner that ensures the safety of the personnel 
that is receiving the goods offshore.  
 Secure cargo in accordance with rules and regulation(some types of cargo needs to be 
separated)  
 Chemicals are delivered either in tanks or as bulk directly at the quay from the suppliers.  
The base is also responsible for developing the sailing plan or route. This is done in a module of SAP 
called VTMIS within 10:00, and the installations, supply vessel and other logistic actors need to make 
their comments on this plan before 1200 when it is regarded as final. Together with the ship’s 
captain or mate the base develop a loading plan. The overview of the cargo on board the vessel is 
generated to a manifesto in SAP. A special measure for the chemical logistic in this part of the chain 
is that they should be reported 48 hours prior to sailing. 
2.2.1.4 Sailing:  
When the loading of the vessel is completed the responsibility for the ship’s sailing plan is handed 
over to Statoil Marin (land based part of the organization). This sailing plan now includes all cargo 
and returning cargo as well as the time schedule for when the different installations are to be visited. 
Even though the responsibility for this plan lies with Statoil Marin it is the ship captain that has the 
responsibility to ensure the safety of his ship and its personnel, he is in contact whit Statoil Marin 
and together with them he will decide if it is safe to precede operations (example if there is bad 
weather). Statoil Marin gives the go ahead signal for the vessel to leave the base and updates SAP 
VTMIS. Before the ship enters the 500m zone of the installation it is visiting radio contact is 
established. A thorough check of the positioning system is made. 
2.2.1.5 Receiving and returning goods offshore:  
Loading and unloading operations an all the affiliated activities which are done by the vessel and 
installation are considered to be the most hazardous part of the upstream logistic offshore. The 
installation announces that a supply vessel is due to arrive, so that all work which can be hazardous 
to the vessel and the unloading operations are stopped. The list of returning goods has as mentioned 
earlier been reported in SAP, giving the captain as much time as possible to familiarize himself with 
the new cargo and load it in a suitable manor. This operation involves much sharing of information 
and communication, between the vessel and the installation and also with Statoil Marin.  
 Testing of radio equipment before using the crane to load/unloading operations begin  
 The crane operator and the navigator on duty has to complete a “Safe Job Analysis”  
 Hazardous cargo must be reported  
 An update must be made on the ship’s manifesto  
 Delays must be reported, and the routing plan must be updated accordingly.  
 New announcement on the installation when the ship departures and regular work is able to 
resume  
8 
 
2.2.1.6 Sailing in return:  
After completing visiting all the installations on the route the ship sail in return to the base. The 
vessel then makes a final report to the land organization, Statoil Marin and Base. This includes:  
 Backload  
 Final report on inbound cargo from the installations  
 Bulk cargo delivered and returning  
 Available deck space  
 Arrival and departure  
The base has to prepare for the vessels arrival:  
 A quay space for the ship must be allocated  
 The needed crane capacity has to be mobilized  
 Reception and placement of bulk cargo must be planned with the different suppliers  
 An activity plan for the unloading must be created  
2.3 Logistics for chemicals 
This paper will focus on the transportation of production chemicals, which occurs as both bulk cargo 
and deck cargo. It is important to remember that this is a part of a large value chain and therefore 
make sure that eventual improvement measures does not lead to sub optimization. 
There are many actors involved in the upstream logistics of Statoil, but even before the product is 
ordered several different persons are involved. Due to rules and regulations, the person that has the 
need can’t be the same person that places the order. This person sends a requisition to the 
acquisition department. The acquisition department then has to collect three or more offers for the 
service/product, or use an existing contract to order. When this is done the product is ordered and 
the person placing the requisition can follow his order. When the order is received at base, the 
financial department must be notified so that payment can be done.  
1 2 3 4
Requisitioner
Send request
Acquisitioner
Process request
Requisitioner
Follows order
Finacial
Pay when goods 
received
 
Figure 2: Statoil ordering process 
Production chemicals use two methods for transportation, one is the same as for normal container 
cargo, with mobile tanks, and the other is in Bulk. The transport that occurs in bulk needs to consider 
limitations on the supply vessels tank capacity. For the products transported in tanks the problem is 
similar to that of containers, with limitation in deck area on the vessel as well as on the installations. 
Since chemicals often are subject to classification as dangerous goods there are some special 
measures to be considered when handling these products. For dangerous goods there are rules on 
how the goods can be stored, which could lead to new restrictions of the available space on the 
supply vessel that would not be the case for “normal” cargo. This problem is addressed in the 2004 
report from Marintek, “Cargo management for offshore installations”, where the problem 
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description is how the cargo going on or off offshore installations could cause problems in the 
segregation of hazardous goods and general cargo placement options.  The result of the work done 
by Marintek was a suggestion to a load planning tool called LoadManager, which would assist in 
planning the best way of stowing the cargo on the vessel. This program could be used both for the 
deck space and the bulk cargo, and had special HazMat handeling which was mad according to the 
existing rules and legislations at the time. Although this LoadManager has not been implemented, it 
could provide support to the operators on the vessels ensuring that hazardous goods are shipped in 
accordance with Norwegian law, and give increased effectiveness of loading and unloading 
operations. (Fjørtoft, 2004) More effective handling of loading and unloading could be translated into 
less overall lead time on the sailing route, and less delays.  
To get an idea of how the suppliers of the chemicals interact with Statoil an interview at one of the 
main suppliers was conducted. The supplier is located on the supply base and can deliver the 
products both in bulk and in mobile tanks.  Delivery times for the chemicals are given by contracts 
between supplier and Statoil. These contracts have a specified maximum delivery time, most 
commonly this is said to been 48h from the order is placed, but for some products the delivery has to 
be done within 24h. A central office located off the base handle all the incoming orders from Statoil‘s 
SAP system and distribute the orders to the base location along the coast. This is an extra time 
consuming factor in the ordering process, but as stated by the workers at the base the extra lead 
time this process generate is in the area of an hour, and the advantage is that the company can have 
specialized users following up the order with the customer.  At the base the supplier can focus on 
delivering according to the orders they receive at a day to day basis. They use different pumps for 
different chemicals and there is also a difference in the capacity of the bulk loading system and the 
one they use to fill the mobile tanks.  Descriptions of these capacities are listed in the table below.  
Table 1: Pump capacities and filling time at chemical supplier 
 Mobile Tanks Bulk system 
Pump capacity 500-600 [l/min](30-36 [m3/h]) 100 [m3/h] 
Filling time 2700l M tank 4,5-5,4 [min] - 
Filling time 4000l M tank 6,67-8 [min] - 
Filling time Spec.Bulk Viking 
Energy 
- Approx. 2 [h] 
 
From this table it is possible to see that the lead time that the contracts allow for is the driving factor 
when it comes to the delivery of chemicals from the supplier. The time it takes for vessels special 
tanks to be filled equals to less than 5% of the 48 h allowed, and thus less than 10% of the 24 hour 
limit.   
The mobile tanks come in a variety of volumes, for the purpose of this study, SWIRE oilfield services 
tanks of 2700l and 4000l are used as an example of capacities and needed area.  Both tanks have a 
2m2 ground area, and are commonly used in the supply of chemicals offshore.  For the mobile tanks 
the deck area on the vessel will be a limiting factor where as for the bulk transportation the volume 
of the tank is the limiting factor. For one of the vessels used from Ågotnes base, Viking Energy, the 
capacity on the deck is 1030 m2, but 10% needs to be left unused to facilitate backload. If the only 
cargo delivered offshore were chemical tanks this would allow the vessel to carry approx.  460 tanks, 
a maximum volume of 1840 m3.This is however not the case, the deck area is used for other goods as 
10 
 
well, but it shows that the vessel used has a large capacity for delivering the chemicals. Picture of the 
mobile tanks are shown below.   
             
Figure 3: Offshore chemical tanks 
(Swire Oil Field Services) 
2.4 Production chemicals 
The production chemicals are used for different processes in the production of petroleum, and if 
these chemicals are not available the result will be reduced production or in the worst complete stop 
of production.  Such a stop or reduction in the production generates a cost, so the logistics needs to 
run smoothly. For the purpose of illustrating the importance of these chemicals I will provide a brief 
introduction to what they do: 
 H2S remover 
Hydrogen sulphide H2S is a lethal gas when it occurs at elevated levels and it must be removed to 
satisfy demands for gas export. This demand can be different from installation to installation, an 
example of accepted levels of H2S is found at Statfjord B where it is less than 2,5 ppm. The H2S 
remover is a chemical that is used in the process of removing this toxic component, and is 
therefore a crucial chemical in the offshore production process. An image of the process at 
Statfjord B is illustrated below. 
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Figure 4:H2S remover, process at an installation 
 Scale inhibitor 
This chemical is used to reduce the development of scaling in process equipment and pipes. 
Oilfield scaling consists mainly of salts, calcium carbonates, barium and strontium being the most 
common. Scale can form from brine (formation water) as it undergoes changes in pressure and 
temperature, or where two incompatible fluids are intermingled.  The pictures below illustrate 
heavy scaling, and from these pictures it is possible to see the importance of scale inhibitors. 
 
Figure 5:Scale in pipes 
Scale problems can arise in various circumstances:  
o during drilling and well completion, if the drilling mud or completion fluid is incompatible 
with the formation water 
o at the commissioning stage of new injectors, if the injection water is incompatible with 
the formation water 
o during production, when a well starts to produce formation water with the hydrocarbons 
o during well-stream processing, when significant quantities of produced water put process 
equipment at risk 
o Commingled production, where well-streams from various formations, reservoirs or 
individual wells are mixed together, can make matters worse. (Statoil) 
12 
 
 Corrosion inhibitor 
Corrosion is disintegration of a material due to chemical reaction with its surroundings. Rust 
is the most familiar form of corrosion. Corrosion is a problem in the offshore petroleum 
industry and the reason why there is a need for corrosion inhibitor. This inhibitor is a 
chemical compound that, when added to liquid or gas, decrease the rate of corrosion of a 
material. If there is no corrosion inhibitor resent on the installation this could result in 
damages to the system.  
 Emulsion breaker 
A water in oil emulsion means that water droplets are contained in a continuous oil phase 
due to the high surface tension in the oil. Oil in water emulsion may also appear at high 
water cuts, and then oil droplets are contained in the water phase. Emulsions usually have a 
higher viscosity than the single phase, and may therefore be harder to produce. Emulsion can 
be broken using chemicals. The emulsion breaker is used in the water oil separation process, 
and if there are no emulsion breaker chemicals available this will have a direct and negative 
effect on the oil production. (Birkeland) 
 Nitrates 
Nitrates are used to reduce the development of H2S. Hydrogen sulphide is as mentioned 
earlier a lethal gas at elevated levels and there is therefore a need to reduce the 
development of this gas. Some hydrogen sulphide can occur naturally in the reservoirs, but in 
many cases it is generated by the injection of seawater. The seawater contains large amount 
of sulphate which is a nutrient for the bacteria that produce H2S. Statoil has previously 
combated this process by injecting biocides to kill the bacteria. On the Gullfaks, Veslefrikk 
and Statfjord fields biocides are now replaced by calcium nitrate. In addition to the positive 
environmental gain at lower cost, this solution is also positive for the working environment 
of offshore personnel involved in chemical dosing. They no longer have to suffer an 
unpleasant odor or run the risk of direct skin contact with the biocides, which pose a health 
hazard. (Statoil) 
These are the chemicals that will be evaluated in the analysis case in part four of this report.  
The production chemicals delivered in bulk MEG (mono ethylene glycol) is delivered in larger 
quantities and the tank capacities are larger. The problems related to the flow for this product is 
considered to be less.  
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3 Field studies at Statoil 
This chapter is a continuation of the description of the supply chain above and will provide a 
description of the process of collecting data from Statoil. This paper is written in close collaboration 
with Statoil, and for most of the time the work has been conducted from Statoil’s offices at Sandsli in 
Bergen.  This chapter is a description of the observations that has been done at Sandsli and other 
stages of the value chain that was visited, supplier, base and supply vessel. The first-hand experience 
gained in this field study provided an insight in the organization that would have been impossible to 
get from the outside. The process has consisted of participation in meetings, interviews and general 
observation of the day to day conduct of the actors in the supply chain. Below is a list of the areas of 
the organization visited in this part of the study: 
 CCB Ågotnes, which is the supply base serving the following fields: Gullfaks, Statfjord, Troll, 
Huldra, Veslefrikk and Kvitebjørn.   
 The supply vessel Havilla Foresight which is on route from the supply base at Mongstad 
outside of Bergen.  
 Statoil Marin, Gullfaks logistics, Logistics and Emergency response at Sandsli 
CCB Ågotnes: This part of the organization was visited twice during the field studies. On the first 
occasion the visit only lasted for one day, and the purpose was to observe a meeting between the 
supply base and a shift from the logistics organisation offshore for three of Statoil’s installations. 
During this meeting different problems that the two actors in the supply chain encounter in their 
work were discussed. In many of the cases it was easy to see that the different actors agreed on what 
was wrong in the situation today and which easy measures that could improve this situation. Similar 
meetings have been conducted afterwards, and at the next visit to the base the last of three such 
meetings was conducted.  In addition to the meeting a brief tour of the facilities was done to provide 
an idea of the work done at the base.    
The second visit to the base lasted for one week, and provided a more in depth understanding of the 
work processes in this part of Statoil’s organization. The personnel working at the base were very 
cooperative and answered any questions to the best of their ability. In general conversations people 
talked about the different problems they encountered, and how they felt improvements could be 
made. Such statements are subjective and was not used as data, but provided valuable insight in the 
organization.  The following is a list of areas that were observed at the base: 
 Daily video-meeting between the base at Ågotnes, Statol Marin and all the other bases 
along the coast. On this meeting the different operations that were scheduled for that day 
was discussed and any special cases and needs were informed about.   
 Internal meeting between Statoil base logistics and external actors on the base that are 
involved in the supply. This meeting was scheduled every week and was a status-meeting 
where positive and negative experiences from the last week were briefly discussed. 
 Interviews with different persons working for Statoil at the base were conducted. The main 
purpose of these interviews was to get a better understanding of the supply chain and can 
maybe be seen as conversations rather than interviews. 
 An interview with the largest supplier of chemicals was conducted during this visit to the 
base, and from this interview data on the capacities at the supplier was collected. These 
data can be found in table 3 and 4. 
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 One day was spent in the operation room where the contact between the base, vessel, 
Statoil Marin and installation result in load planning. If priority needs arise this part of the 
organization is responsible for organizing that the vessel has space available for the extra 
cargo, and that a load carrier is made available. Such situation interferes with the original 
plan and amounted to extra work load for the operators.  A common statement made by 
the personnel was that it was perhaps too easy to order priorities, and that a more limited 
amount of personnel should be able to request priorities to better hold the original plans.  
Priorities should be a last resource option that compensate for unforeseen events, and the 
experience from the visit to base is that this is not always the case.  
 An important aspect to emphasise is that most of the time the logistics operations at the 
base are going as planed and that the work done is good.   
Trip with supply vessel Havilla Foresight: 
Two days was spent on board one of the supply vessels that are serving the installations offshore, 
Havilla Foresight.  During this round-trip from Mongstad, insight in how the crew on the supply vessel 
feels about the supply chain was gathered.  One of the things that the personnel on the vessel would 
like in regards to bulk cargo was a visual load plan, and better visualisation of the load-list than the 
existing SAP printout. For the vessel, the important information is weight and dimensions of the 
cargo, as well as dangerous goods declarations. If such information is provided in good time and in 
accordance with the needs of the vessel staff, the result could be shorter lay time at the installations.   
Special measures when dealing with chemicals were limited to the paperwork needed since mobile 
tanks are like any other deck cargo, and for the bulk the difference is the loading unloading process 
which then is conducted by a hose. During this trip how delays at one installation affected the next 
since there were visible due to some minor delays. This experience provided much needed insight in 
how the different actors in the chain are connected in the transportation leg. 
Observations at Statoil Sandsli: 
Most of the time used on the field study was spent at Statoil’s offices at Sandsli. At sandsli access to 
installation specific personnel as well as the general logistics group was possible, and Statoil 
facilitated the work by providing offices and computer access. In the start of this period , much of the 
time was spent observing different meetings between the different branches in the organization, but 
in the later stages more and more time was devoted to gathering statistical data to support an 
analysis of the chain.  The figures that was collected was available statistics and historical data used 
to describe and evaluate the logistics of Statoil. This was gathered in an easy to use database were it 
was possible to search for specific installation over a given time period. The specific numbers may be 
subject to company confidentiality rules and will therefore be given in a special appendix. 
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 The following is a presentation of what categories of data collected: 
 Supply calls for a given installation over a period 
 Total lay time over period 
 Extra calls 
 Extra lay time 
 Average lay time per call 
 Average lay time extra calls 
 Inbound lifts 
 Outbound lifts 
 Avg. Lifts per call 
 Inbound  bulk cargo 
 Outbound bulk cargo 
 Tonnage specified to branch( drilling and well, production, project) 
 Total tonnage 
 General routing plan (provided by Statoil Marin) 
From the analysis division at Statoil more specific data for the production chemical problem was 
gathered, and again this data will be provided in the appendix: 
 Tank capacities at some installations 
 Consumption of the chemicals investigated, 2008,2009 and 2010 
3.1.1.1 Summary of field study and choice of analysis method 
In the supply chain chapter of this paper, different methods of analysing a supply chain is described. 
Together with the results of the field study an approach for the analysis was found. The field study 
gave an impression of a complex supply chain, with several actors from different disciplines 
interacting. This was expected when the work started, but the offshore logistics is a special field and 
must be seen first-hand in order to be understood.  It was also possible to get a large data 
background making it possible for data “hungry” analysis methods to be used.  The results of this 
field study would be used in the selection of analysis method. 
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4 Supply Chain Management 
This paper is based on supply chain management and this chapter will give a brief description of the 
theory behind the analysis that is done in the simulation chapter. The problem described in the 
introduction is a problem of inventory management, which is also closely related to demand 
forecasting.  This is the areas of supply chain management that this chapter will focus on. The theory 
mostly based on the lectures in the course TPK4160 Value Chain Control and Applied Decision 
Support at NTNU lead by Heidi Dreyer the fall of 2010, and lecture book by Chopra and Meindl  
(Chopra & Meindl, 2010). After the theory is presented, and the different methods of Operational 
Research is described , a more in-depth explanation of the method chosen will be given. 
4.1 Demand forecasting 
Demand forecasting form the basis of all supply chain planning, whether it is to facilitate a push 
process or a pull process. For push it is used to plan the transportation and for pull it is used to plan 
the level of available capacity and inventory. For the problem discussed in this paper demand 
forecasting is used to be able to plan the needed amount of chemicals on the installation. An 
important issue to remember when dealing with demand forecasting is that they are always 
inaccurate, it is therefore important include demand uncertainty as a key input to most supply chain 
decisions.  In general there are many factors that a company must knowledgeable about that is 
related to demand forecasting, for the upstream logistics of production chemicals at Statoil these are 
some important factors: 
 Planed activities at the installation 
 Lead time of product replenishment 
 Past activities  
Since the demand changes with the activities the planning horizon can become very short, Work 
order plans are made for 1-2 weeks.  The importance of good control over the inventory offshore is 
therefore very visible. 
4.2 Inventory management and operational research 
Inventory management problems are characterized by holding cost, shortage cost and demand 
distribution for products specified at a detailed stock keeping unit. (Shapiro J. F., 2001). The field of 
inventory management look at how to create buffers against the uncertainties of supply and 
demand. A large part of the models used on Inventory management is used to determine the optimal 
level of safety stock, as this is the protection the system has against the uncertainties in supply and 
demand. (Shapiro J. F., 2001) This section focus on inventory management and different methods 
used to decide the optimal point for reorder, the need for safety stock, and storage facilities. An 
important aspect of supply chain management is decision making, and then decision support tools. 
The methods are used to improve a managers understanding of a problem, and can be as simple as a 
checklist or a drawing. More advanced methods of decision support is what is called Operational 
Research (OR), and are based on quantitative models. This means that the system and the 
relationships between different parts of the system are described with variables and mathematical 
expressions.  
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 Some OR methods are listed below: 
 Spread sheet cost models 
 Decision trees 
 Queuing theory 
 Discrete-event simulation 
 Inventory theory 
 Mathematical programming(optimisation) 
Each of the techniques has different strengths and weaknesses, and will therefore be suited for 
different problems. In the next section a brief introduction to the different techniques and their 
strengths and weaknesses will be described.  
4.2.1.1 Spread sheet cost models 
In this technique, different costs for different scenarios are calculated. It can be seen as a simple 
form of simulation which is static and deterministic. Spread sheet cost models are used to conduct 
“what-if” analysis, and is one of the most frequently used modelling tool in industry. This method 
requires little training, and is very cheap since the tools needed are usually available for everyone 
(excel). The disadvantage is that it is not normative and the fact that it is static and deterministic. 
4.2.1.2 Decision tree  
This is a graphic devise used to evaluate different decisions under uncertainty. The model is based on 
probability and statistics and is good for evaluating the flexibility of a supply chain. It will usually 
consist of choices between long-term and short-term options, where the short-term option provide 
more flexibility but at a cost. Below is a description of a binomial representation of uncertainty, 
where a price P in period 0 has multiple outcomes after n periods. 
  
Figure 6: Decision tree 
4.2.1.3 Queuing theory 
This is used to evaluate expected through-put of a system, the time an entity spends in the system, 
how the systems resources are utilized and also the average waiting time. A typical example of the 
use of queuing models is the example of a bank with bank tellers needed to attain a certain degree of 
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service. The arrival rate is most commonly given by an exponential distribution and the processing 
time can be given by a normal distribution. Queuing theory can then estimate the number of tellers 
needed. The method is easy to use and gives a fast result, if however the system gets more complex 
this model will not be a good option.   The results given by this technique is often descriptive results.  
4.2.1.4 Discrete event simulation 
Simulation can be seen as a continuation of the queuing theory model, where more complex systems 
can be evaluated. Since most of the systems found in the world would be regarded as complex this 
technique could provide more realistic results. Complex systems can contain many resources, 
different queues with different rules and other distributions than exponential. A discrete-event 
model consists of entities, resources and queues and allows for dynamic simulation. The advantages 
with this model is that it is considered to be realistic, easy to understand and able to provide intuitive 
visualisation of a problem. On the other hand a simulation can be expensive, time consuming, unable 
to provide a recommended solution and provide little besides than a “what-if” analysis.  Below is a 
brief description of a case where discrete event simulation was used on an offshore supply chain. 
4.2.1.5 Example of a simulation study done on a supply chain: Robust supply chain design 
The number of articles on simulation studies done on the offshore logistics supply chain is limited. In 
2009 a master thesis on the subject of robust supply chain design was written at NTNU in 
collaboration with what was then StatoilHydro. This provides a good background for the problem 
discussed in this paper, since the supply chain evaluated is the same and some important inputs to 
the model is identified in the paper on robust supply chain design. This paper use a routing 
optimization decision tool that was developed by Marintek as a basis, and tries to evaluate how 
robust the routing developed with this tool is. The robust supply chain design study use a general 
purpose simulation tool similar to the one that is used in this paper called Arena.  The model that 
was developed dealt with the following issues: 
 Evaluating if a  plan held time-window constraints given disruptive scenarios 
 Determining where the bottle necks were 
 Determining which was the most disruptive elements of the system 
 Would the optimal routing provide a robust system? 
The model generated in this study measured: 
 Delays at the installations due to queuing and violation of time windows 
 Delay at base 
 Inventory levels 
 Vessel utilization 
 Intervention of additional vessel trip to face shortage of consumables 
The simulation was conducted for different scenarios which was created based on the problem 
description. The total number of scenarios in this paper was 9. For each scenario the simulation 
model would provide data that gave an indication on how well the system functioned under the 
different conditions.  The results found in this work were that the simulation model provided a good 
“what-if” analysis that would help increase planers proactive capability, and was very useful in 
determining bottlenecks. (Nilsen, 2009)  
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4.2.1.6 Inventory control 
 
Figure 7: Inventory Control Graph, inventory development over time 
The graph above shows how the inventory is reduced with a continuous stable demand and how the 
reordering point is placed to ensure that there is no stock out.  The area of the graph under the ROP 
is the needed quantity of stock needed to get the new supply when the stock level reach zero. The 
equation used in inventory control to find the value of the re-ordering point is given as: 
ROP=Demand * Lead-time + (Safety stock)        (1) 
For the case of production chemicals in this paper the demand is not so certain, and the lead time 
from supplier can also vary from one delivery to the next. This leads to the need for safety stock, an 
extra buffer level to ensure that stock out does not occur since the cost of not having chemicals 
offshore could be huge. The appropriate level of safety stock is determined by the following two 
factors: 
 The uncertainty of both the demand and the supply 
 The desired level of product availability Giving the following equation: 
S=K√(Lσd
2+D2σL
2)          (2) 
Table 2: K-values for different service levels 
Required service level Value for K 
99% 2,33 
97,5% 1,96 
95% 1,65 
90% 1,28 
75% 0,67 
 
As the uncertainty of supply and demand grows the required level of safety inventory increases. 
Measuring Demand uncertainty need some values for average demand D, standard deviation of 
demand σd (forecast error per period), lead time L and the standard deviation of the lead time σL. 
Since the equations used in this model is based on forecasting, and forecasting is based on 
assumptions the result provided by this technique must be understood as an approximation at best. 
It is easy to use and quick and can provide a good starting point for other OR methods like simulation 
studies. 
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4.2.1.7 Mathematically programing 
This is also called optimization and is often used on network design, value chain master planning 
production scheduling and vehicle routing and scheduling problems.  The method is based on 
algorithms that describe the given problem, and is particularly useful when the number of decision 
variables and alternatives are many. In the example of robust supply chain design, such a method 
was used in the optimization tool developed by Marintek.  This gives the user a recommended 
optimal solution based on the input which is one of the absolute advantages of this method. The 
problems with this type of OR are that it can be expensive, time consuming and so advanced that 
external experts are needed. 
4.2.1.8 Factors affecting the choice of Operational research method¨ 
When selecting what method to use there is several factors that need to be considered, and some 
are listed below. Together with the description given of the different methods this list of aspects will 
lead to the best method. It is important to know that there is nothing that states that these methods 
can’t be combined, and often the best solution will be a combination of two or more methods. 
 The type of problem that we considered 
 Degree of complexity for the problem 
 What answers are we looking for? 
 Desired model simplicity 
 Requirement to speed, visualisation and accuracy 
 The data available 
 End user experience and competence 
 Modelling time available 
 Modelling expertise available 
4.2.1.9 State of the art within OR and the field of inventory management 
There are many state of the art studies available on the subject of inventory management. Most of 
these papers are related to the subject of suppliers and retailers where the objective often is to 
minimize the inventory cost. A paper which seemed interesting is the paper by Francesco Longo 
“Supply chain management based on modelling & simulation: Application examples in inventory and 
warehouse management”.  This paper provides a survey on how previous work on the subject of 
supply chain inventory problems has been conducted. The result of the literature study conducted by 
Longo was that the most common method for analysing supply chain scenarios was simulation 
combined with statistical techniques (Longo). The paper continues with a description on how to build 
a model and the description of such a process. From the papers read on the subject of inventory 
control it is very common that the evaluated parameter is the cost generated by the inventory. Either 
as holding cost, shortage cost or ordering cost. Such a representation can be found in chapter two of 
the book “Quantative models for supply chain management” written by Roman Kapuscinski and 
Sridhar R.Tayur. (Tayur, Ram, & Michael, 1999) 
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4.3 Simulation modelling 
This chapter focus on the theory about simulation modelling, and give a description on how this 
method is used as well as how a model should be built. In simulation computers are used to evaluate 
a model numerically, and data are gathered to estimate the true characteristics of the model. There 
are many application areas for simulation, and it is one of the most widely used operations-research 
and management science techniques in the world. Some particular kinds of problems where 
simulation has been found to be a useful and powerful tool are listed below. 
 Design and analysis of manufacturing systems 
 Evaluation of military weapons or their logistics requirements 
 Determining hardware requirements and/or protocols for communications networks 
 Determining hardware or software requirements for computer systems 
 Designing and operating transport systems, ports, airports etc. 
 Evaluating designs for service organizations such as, hospitals, post-offices etc. 
 Reengineering of business processes 
 Analysing supply chains 
 Determining ordering policies for an inventory system 
 Analysing mining operations 
A common word in the field of simulation modelling and analysis is “system”. A system is defined to 
be a collection of entities, like people or machines that act and interact together toward the 
accomplishment of some logical end. This definition was proposed by Schmidt and Taylor (1970), and 
is used by Averill Law in his book “Simulation Modeling and Analysis”. There are two categories for a 
system, discrete or continuous. A discrete system is one for which the state variables change 
instantaneously at separated points in time. A bank where the number of customers are evaluated is 
such a system, change occur when customers arrive and when they depart. Continuous systems are 
systems where the state variables change continuously whit respect to time. Examples of such 
systems can be a train or a plane where velocity and position is continuously changing. 
At some point in the lives of most systems there is a need to study them to gain some insight into the 
relationships between different components. There are different ways of conducting such a study. 
This is illustrated in the figure below. 
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Figure 8: Ways to study a system 
 (Law, 2007) 
If it is possible and cost effective the option of experimenting on the actual system is probably the 
most desirable. This method will always result in a valid study. However it is rarely the case that this 
is possible since such experimentation is often either too costly or too disruptive to the system. For 
these reasons, it is usually necessary to build a model of the system. Physical models are not very 
common in operational research, and the vast majority of models built for operational research 
purposes are mathematical. This is again divided into analytic and simulation. The analytical model 
can be used on simple systems and will result in an exact analytic solution. If an analytic solution is 
available and computationally efficient it will be the most desirable mathematical model. For 
complex systems this is often not the case, and the mathematical models will also be complex. It is in 
these cases that the model is studied numerically with simulation. (Law A. M., 2007) 
The simulation model can be created using programing languages like C, C++ or Java. An alternative 
to this is to use a simulation software package. This option results in a significant decrease in 
programming time and the models are generally easier to modify and maintain. Such software is 
classified as either general-purpose or application-oriented. The application-oriented package is 
designed for a specific application whereas the general-purpose software can be used for any 
application. The case study conducted later in this report use Extend Sim which is a general-purpose 
simulation software.   
4.4 Simulation modelling of a supply chain 
Using simulation software and models to evaluate a supply chain is not a new method. Computer 
simulation can be applied to operational problems that are too difficult to model and solve 
analytically. Discrete event simulation permits the evaluation of operating performance prior to the 
implementation of a system. This can be seen as a powerful “what-if” analysis, leading to better 
planning decisions (Chang & Makatsoris, 2001).Simulation tools aid human planners to make the 
right decision by providing information.  Law and McComes describe simulation as a surrogate for 
experiment, allowing the operator to test consequences on a model rather than an actual system. 
This is a very good description of the positive aspects of simulation modelling. The complexity of a 
supply chain could lead to large costs if alternations of it are done on an experimental basis, so doing 
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a simulation prior could provide great savings.  The problem occurs if the model is not a “close” 
approximation to the actual system. In that case the model will most likely be erroneous, and the 
result may lead to costs instead of savings.  It is therefore of importance to see what is done in 
earlier studies, so that the simulation model is built in the best way possible. (Law & McComas, How 
to build valid and credible simulation models, 2001) 
4.5 Benefits of simulation in supply chain management 
 Helps the user to understand the overall SC process and characteristics by using graphics. 
 Able to capture system dynamics using probability, user can model unexpected events and 
understand the impact of these events 
 Could reduce/minimize the risk of changes in the planning process 
The simulation model could serve two different purposes when we apply it to a supply chain. It could 
either be used as a decision support tool, or it could be used to serve as learning tool describing the 
complex system. This means that the model will have a different value for different users. The 
simulation model can then be applied two different areas. It is possible that both areas are present in 
a model, however one is dominant.  The application areas are 
 Simulation for comparison, find the best setup of two or more alternatives 
 Simulation for prediction, use existing data to predict future demand, problems etc. 
An thesis (Strandhagen, 1994) written on simulation modelling in manufacturing lists the success 
factors for a simulation: 
1. Ability to produce results interesting to the user 
2. Ability to produce results that cannot be obtained by other measures  
3. Resemblance between the model and the real world system 
4. The time an inexperienced user has to spend from the time he starts using the tool and till he 
has the model running. 
5. The validity and accuracy of the results 
These success factors are important to consider when starting building the model, and should 
repeatedly be checked as the modelling is conducted.  As described by Averill Law, validation is not 
something to be done at the end of the process if there is time, but should be a continuous part of 
the process.  
The book Simulation modelling and analysis has been the basis for the simulations done in this 
report. Averill Law describes a seven step approach for conducting a successful simulation study.  
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1.Formulate the problem
2.Collect information/data and construct 
consept model
3.Is the consept model valid?
4.Program the model. (The use of ExtendSim 
limits this process)
5. Is the programed model valid
6.Desig conduct and analyse experiments
7. Document and present the simulation 
results
NO
 (Law & McComas, How to build valid and credible 
simulation models, 2001) 
Figure 9: Steps for conducting a successful simulation study 
The work done in this report will try to follow these seven steps, and use the experience of earlier 
studies on supply chains as a guide.   
4.6 Data requirements  
A model is only as good as the data it uses, which was also stated in the work by Espen G. Nilsen. In 
the paper by Chang and Makatrosis, there is a section on the data requirements for supply chain 
modelling, and suggested procedures for simulation studies of a supply chain. 
 Understanding supply chain processes 
 Design scenario( focus on the problem areas, do not model the entire supply chain) 
 Data collection 
 Performance measures 
 Define target 
 Define termination condition 
 Evaluation of supply chain policies. 
The paper also describes data requirements for a supply chain model for different areas in the supply 
chain. These areas are: 
 Manufacturing process and time information 
 Inventory control policies information 
 Procurement and logistics information 
 Demand information 
 Policies/strategic information 
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The problem described in this paper is closest related to the area of inventory control policies 
information and procurement and logistics information. The data required according to this paper is 
then: 
 Safety stock level 
 Reorder point 
 Supplier lead-time 
 Supply lot size 
 Supplier capacity 
 Procurement horizon 
 Procurement time 
This data was collected in during the field study, as mentioned previously in the report. Safety stock 
levels and re order point was calculated based on this data, and the lead-times found by using the 
simulation model, in accordance with the formulas described in the chapter on OR.  
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5 The simulation case: The supply chain of production chemicals 
5.1 Building the model 
The first stage in Averill Laws recipe for a successful simulation study is to formulate the problem. 
The initial problem description given by Statoil was used to formulate the problem in the simulation. 
There is an increasing need for production chemicals as the fields on the Norwegian continental shelf 
are entering the later stage of their lifetime. The initial statement from Statoil was that the process 
of ordering chemicals is significant, the tank capacities offshore are insufficient, and the lack of 
automated monitoring of the tank levels makes it hard to plan the ordering according to supply chain 
management ideals. It is also stated that lack of the chemicals offshore result in production reduction 
or in the worst case production shutdown.  To evaluate if the capacity of the offshore tanks are 
sufficient the output value for the simulation must be the tank levels with regards to time, and since 
the cost of shutdown in the petroleum industry the amount of time accepted to be without 
chemicals is zero. Evaluation of the ordering process should look at the lead time and changes in the 
lead time with different methods of generating orders. So the desired outputs from this simulation 
are: 
 Amount of time without specific chemical available 
 Lead time for the supply process 
In the cases that are to be evaluated in this paper the first problem will be to evaluate the situation 
today, with the current amount of chemicals needed offshore for three of Statoil’s installations. Then 
to evaluate the effect of changes in the capacity where bottlenecks are found, and lead time due to 
introduction of “new” monitoring technology.   
 Are the capacities and processes sufficient as they are? 
 Will today’s capacities be able to handle increased demand? 
 Which changes to the system will prove to be most efficient? 
With these desired outputs it is possible to determine the needed inputs to the model. Since the idea 
is to simulate the supply chain these inputs are determined by the capacities and procedures of the 
different actors in the chain, which are described in an earlier chapter of this report, such as 
processing time, sailing time, ordering time, routing, and tank capacities. Getting these input 
variables is the second step of the process described by A.Law, data collection. It is of the utmost 
importance to collect accurate data since the accuracy of the input variables determine the accuracy 
of the output and thus the validity of the model. 
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Model
Required input:
 Processing time of orders at 
Statoil
 Processing time of  orders at 
supplier
 Delivery time from supplier 
to vessel (including loading)
 Vessel tank capacities
 Vessel sailing time on 
different routing schedules
 Vessel unloading time at 
installation
 Tank capacities offshore
 Daily consumption for the 
different chemicals
 Estimated increase of 
consumption
 Weather statistics
Output:
 Days without chemicals
 Leadtime
 
Figure 10: Input and output for simulation model 
5.2 Information and data collection 
The needed data for the simulation were gathered by conducting interviews with the different actors 
in the supply chain, and from Statoil’s historical database. Personnel from suppliers, base, Statoil 
marine, supply vessel and the logistics department have supplied data for the different stages, but 
these interviews have mainly been used to get an understanding of the supply chain. Historical data 
for consumption and capacities for the installations were provided by Statoil AI, and were used in the 
building and the validation of the simulation model. Some of these inputs are given in the table 
below. Some of the data may be restricted, and as stated in the introduction can be found in 
appendix B and/or E.   
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Table 3: Tank capacities in the different stages of the Supply chain 
Tank 
capacities 
and size 
Supplier 
[m^3] 
Mobile 
tanks 
[m^3] 
Mobile 
tanks 
area 
[m^2] 
Vessel 
bulk 
[m^3] 
Vessel 
deck 
[m^2] 
Platform A 
[m^3] 
Platform B 
[m^3] 
Platform C 
[m^3] 
H2S 
remover 
For all 
purposes 
infinite 
2.7/4 4 208 1030 Appendix 
C 
Appendix 
C 
Appendix 
C 
Emulsion 
breaker 1 
For all 
purposes 
infinite 
2.7/4 4 208 1030 Appendix 
C 
Appendix 
C 
Appendix 
C 
Emulsion 
breaker 2 
For all 
purposes 
infinite 
2.7/4 4 208 1030 Appendix 
C 
- Appendix 
C 
Nitrates For all 
purposes 
infinite 
2.7/4 4 208 1030 Appendix 
C 
Appendix 
C 
Appendix 
C 
Scale 
inhibitor 
For all 
purposes 
infinite 
2.7/4 4 208 1030 - - Appendix 
C 
Corrosion 
inhibitor 
For all 
purposes 
infinite 
2.7/4 4 208 1030 - Appendix 
C 
- 
   
In interviews with the supplier the option of them having stock out was said to never occur, for this 
reason their capacity for storage is said to be infinite, since they always are able to deliver according 
to contract. Pump capacities at Supplier is provided by personnel at the supplier on CCB Ågotnes. The 
capacities for the vessel is given for one of the vessels sailing on the route that service the Tampen 
area, Viking Energy, and the vessels data sheet is provided in appendix D. Offshore capacities are 
collected from Statoil’s internal reports on logistics for the years 2008-2010 
Table 4: Pump and lifting capacities across the supply chain 
Pump/ 
lifting capacity 
Supplier Base Vessel Offshore 
Mobile tanks 5-600 [l/min] 8 [min/lift] Se offshore and base 8 [min/lift] 
Bulk 100[m^3/h] See supplier 2*75[m^3/h] See vessel 
 
As these tables show the capacities are higher at the vessel and supplier than that of the offshore 
installations, indicating a bottleneck in this stage of the chain.  
Routing information was gathered from representatives at Statoil Marin which handle the planning 
of sailing routs. The sailing time and thus the lead time will vary depending on what order the 
installations are visited. This will have to be modelled in the simulation. Another factor that influence 
the sailing time is the weather which for some time of the year will make it impossible to deliver 
goods offshore. The installations evaluated in this paper is rarely the first on a route from what was 
found in the routing master plan provided by Statoil, the percentage use of this option is therefore 
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based on the number of priority calls these installation has had in the years 2008-2010. The 
percentage given for the use of route two and three are calculated based on the routing master 
schedule from Ågotnes, this can be found in appendix H. This statistic data for this is presented in the 
table below: 
Table 5: Routing and siling times with probability of use 
Routing one installation is first on route Time from base %Use of route  
Installation A 8,5h 2.309468822 
Installation B 8,5h 1.466992665 
Installation C 8,5h 1.154734411 
Routing Two:   
Installation A 16h 65.45265589 
Installation B 20h 66.01711491 
Installation C 23h 66.22632794 
Routing three:   
Installation A 31.5h 32.23787529 
Installation B 34,5h 32.51589242 
Installation C 38,5 32.61893764 
 
With these times implemented in the simulation model it was possible to find values for the lead 
time and standard deviation. How this was done is described in the model description. The lead time 
and standard deviation are important values when calculating the ROP and safety stock. 
Table 6:Lead times and standard deviation 
Installation Average lead time [h] Standard deviation [h] 
A 59,68 11,33 
B 65,03 11,89 
C 70,14 11,76 
 
5.3 Conceptual model 
The conceptual model is largely based on the picture depicting the supply chain found on “Logistikk 
portalen” 
 
Figure 11: Statoil logistic chain 
The picture depicts the most important activities that occur in the part of the chain that needs to be 
simulated to answer the problems that is studied in this paper. For the simulation Extend Sim, a 
general-purpose simulation software has been used. This chapter will describe what assumptions and 
simplifications that are made to describe the system. The following is a screenshot of the model for 
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one type of chemical to one installation:  
 
 
Figure 12: Simulation model for one chemical at one installation 
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Figure 13:The Item creation step of the model 
 
As a start to the system the first block generates what is called items in the “create” block. The 
creation of these items can be set to occur according to several different types of distributions.  In 
these models an exponential distribution has been used whit a mean time between arrivals at 6 
hours. This result in an infinite queue in the following queuing block since this arrival rate is larger 
than the service rate provided by the rest of the system. The reason for this setup is that the onshore 
supplier stated that they will have chemicals available within the timeframe stated in the contracts 
with Statoil. The items created represent a 2,7[m3] mobile tank for the chemicals which has offshore 
storage tanks with less capacity than 80[m3], and 40[m3] of chemicals in bulk for when the case is the 
opposite. This splitting of delivery method is assumed, and not necessarily the case for Statoil.  The 
items are held in this queue until they are released into the next part of the system which represents 
the onshore handling of orders and delivery to the supply vessels.  
 
Figure 14: The release of orders and onshore process in the model 
This part of the system starts with two “gate” blocks, which are set to open under different 
circumstances. The first block will open for a given amount of items based on the orders requested 
by the ordering mechanism created at the end of the model. And the second gate is a restricted by 
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the need for an item to exit the system before it allows a new one in. The second gate is a failsafe 
mechanism made in order to avoid accumulation of items in the system due to failing of the first 
gate.  Between these two gates there is a “history” block. This block register the time as an item 
passes, and together with another “history” block placed at the end of the delivery process this data 
was used to find the lead time and standard deviation of the lead time for the supply. After an item is 
released through the gates in this area it arrives to a routing block called select item out. In this block 
the probability of the item being routed one way or the other is set. This was initially made since it 
was expected that the different chemicals evaluated could have different contract delivery time, this 
was however not the case so the probability was set to one for the item being routed to the bottom 
activity block. As described in the appendix on blocks the activity blocks are used to simulate delay in 
the process. This delay can be either a constant or described as a distribution. In this model most of 
the activities are described by normal distribution. For this activity it was important that the values 
did not exceed the limit of 48 hours, so a mean of 30 [h] with a standard deviation of 5[h] gave a 
good match. The choice of normal distribution can be attributed to the fact that this is a common 
distribution used for processes in a queuing system. The item is then held in the activity block until 
the time has passed before it is moved along to the part of the system that simulates the 
transportation with the supply vessel.    
 
Figure 15: The different sailing routes in the model 
For the vessel simulation three activity blocks with capacities matching that of Viking Energy are the 
options, whit a split that is probability based. The three different activities represent different routing 
options and with a delay according to this routing option. These different routing options are based 
on statistical data for priority call, and the different routes described in the master schedule for the 
vessels leaving from Ågotnes base. These different delay times was given in table4. Since a vessel is 
scheduled to leave base every day at four o’clock in the afternoon a breakdown block is connected to 
each of these activities. This breakdown function makes it impossible for new orders to enter the 
activity for a period of time. This is done to simulate that the vessels are in fact sailing, which make it 
impossible to do loading from base at the same time. The breakdown makes vessels unavailable for 
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24 hours when the next boat is scheduled. In the breakdown block it is possible to choose the mean 
time between failure and the meantime to repair, and it is these two inputs that make the shutdown 
function work. After the sailing activities the items are collected in the select item in block which only 
gathers the items to one “string” again. In this last block in the picture above no extra input value 
was added.  
 
Figure 16: The modelling of delay possibilities at the installation 
Sometimes the vessel has to wait for the platform before they can deliver the goods and regardless 
of whether it has to wait or not, it takes some time to unload the cargo. This is simulated in this part 
of the system, with a probability switch that results in a lay time at the installation which is based on 
historical data provided by Statoil. The probability for the different types of delay is different from 
installation to installation, and these different probabilities are calculated based on the WOP value 
given in the data fond in appendix B. After this process the item is placed in the offshore holding 
tank. After this block is passed the items pass through another history block before entering the 
holding tank offshore, as stated earlier.  
 
Figure 17: Generation of initial values in the model 
At the start of the simulation the amount of items in the queue describing the holding tank is zero. In 
order to get the system up and running in a stable condition from the start this create block was 
used. This block generates the needed amount of items to fill the tank at time zero of the simulation, 
and for the rest of the time does nothing. The amount of items created varies based on the different 
tank capacities. The select item out block will in this case choose the input where there are items and 
has no probability setting.  
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Figure 18: The holding tank and draining part of the simulation model 
The tank offshore is like the tank before the gate simulated using a queue function, but this queue 
has a limited capacity which depends on the installation and chemical we look at. The draining of the 
tank is simulated using an activity block that has a delay which equals the average time of 
consumption of one “item” for the given case. Since items stored in this activity is also a part of the 
offshore tank, the queue capacity is on “item” less than the tank capacities given in the data. From 
this activity the item exits the system and the number of exits multiplied whit the “item” value in 
[m^3] is the represent the consumption.  As mentioned earlier in this chapter, items are only allowed 
into the system when items have left the system. This is done with the gate in part two of this model 
description, and the “un-batch” block sends this input. As an item is released from the activity it 
enters this block and gets duplicated, one exit the system and one trigger the gate. The tank level is 
plotted in a graph in the block shown in at the top right in the picture above, and statistical data on 
the tank level is gathered whit the “stats” block. This data is transported to excel for further 
calculations. The queue block is also generating a report in Extend which shows the utilization of the 
queue, if the utilization is equal to 1 it is never empty and no calculation in excel is needed. The cases 
that are evaluated have utilization values below 1.   
 
Figure 19: The modelling of the ordering process 
The tank level in part six is also linked to the equation block in this part of the model. These are the 
blocks that send the signal to the first gate on whether to open or stay closed. In the equation block 
the output is generated by fulfilling some “if” and “else” limitations based on the input which is the 
tank level. If the tank level reaches a certain point the output level is set to be the maximum capacity 
of the tank subtracted the level at the time, else the output is zero. The point where orders are to be 
placed is the Reorder point. Running the model one time with estimated values was done so that the 
values gathered from the history blocks could be used to find the mean lead time and the standard 
deviation of the lead time. Together with the demand and standard deviation of demand this could 
be used to find the ROP. Once the calculated ROP was available this was used in the equation block. 
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Since the original setup at the installations used manual readings of the tank levels extra blocks was 
added to the ordering process. The block above the equation block is constantly sending out the 
value zero which leads to a closed gate as long as this is the value chosen in the select value in block. 
The select value in block will always choose the top input unless it receives a value of one from the 
block below, which is called look up table. In the look up table block the setting is set to time, which 
means that for given times in the simulation the output can be set to a given value, and a repeat 
schedule function is also available in this block. The look up table block in this model is set to send 
out the value 1 every 12 hours, which was chosen since 12 hour shifts is common offshore.  The 
assumption is that the tank level is checked at least once every shift. When this event occurs, the 
select value in will select values from the equation block, which can be either orders when the tank 
level is at the ROP or below or no orders if the level is above.  The use of ROP calculations in the 
original system is assumed since this is a common and easy way to set the ordering policy. In these 
calculations it is also assumed that the highest level of service is chosen due to the importance of the 
chemical availability. The following is a representation of the different blocks, input data, and tables 
used in the model: 
Table 7: Model description with reference to tables with input values 
Model area Block types used in 
area (description in 
Appendix A) 
Input data used Tables where input is 
found 
1. Item Creation Create, Queue Exponential arrival 
Infinite queue 
No values used from 
tables 
2.Order reception and 
onshore process 
Gate, history, select 
item out, Activity, 
select item in 
Gate receives input 
from later stage of 
model 
Activity: normal 
distribution  
Activity values given as 
normal distribution 
with mean value 30 h 
ad std.dev of 5 h, 
which keeps it within 
the 48 h limit.  
3.Different sailing 
routes 
Select item out, select 
item in, activity, 
shutdown 
Activity: Delay based 
on routing alternative 
Select item out: 
probability distribution 
Shutdown: MTBF and 
MTTR (items in already 
in process is finished) 
Activity delays found in 
table 4 
Select item out 
probability values 
found in table 4 
MTBF:24 
MTTR: 24 
4. Delay option 
offshore 
Select item out, 
activities 
Activity: delay 
Select item out: 
probability 
Activity delay found in 
appendix B under WOP 
Select item out 
probability found as 
WOP/Total supply  
hours in appendix B 
5. Generation of initial 
tank levels  
Create, select item in Create: scheduled 
creation of items to fill 
tanks at time 0 
Select item in: choose 
None of the values 
used are found in 
tables.  
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input with item 
6. Holding tank, 
draining and exit 
Limited Queue, 
Activity, un-batch, exit, 
discreet event plotter, 
stat 
Queue: max limit given 
by tank capacity 
Activity: Normal 
distributed demand, 
mean and standard 
deviation values from 
statistic 
Un-batch: Split item in 
two so that one can 
exit and one can alert 
gate block two. 
Exit: drain of items has 
no input  
Queue capacities given 
in appendix B 
Activity delay time 
mean and standard 
deviation found in 
appendix B 
7. Ordering process Equation, constant 
value, select value in, 
look up table 
Equation block use 
ROP 
Look up table use 
scheduled output of 1 
every 12 [h] 
ROP for different 
installations found in 
Appendix E 
 
The queues that are of the most importance to evaluate in this case are the ones representing the 
holding tanks. The following is a description of the queue block name and the chemical holding tank 
it represents for the given installation: 
Table 8: Identification of tank queues for the different installations 
Queue block number Installation A Installation B Installation C 
39 H2S remover H2S remover H2S remover 
136 Emulsion breaker1 Emulsion breaker1 Emulsion breaker1 
245 Emulsion breaker2 Corrosion inhibitor Nitrates 
348 Nitrates Nitrates Scale inhibitor 
 
5.4 Validating the conceptual model 
When the concept model was created, the historical data needed to validate it was not available. The 
inputs for capacity and delays where therefore quite bad. To validate the model, data form Statoil’s 
analysis department is used. This data includes average consumption of the chemicals over the last 
three years and the actual tank sizes for the different chemicals offshore. Each of the three 
installations in the case has its own simulation model, which was done to simplify it in the creation, 
and because the different installations use different chemicals.  In the process described by A.Law 
there is first a validation of the concept and then a validation of the programed model. Since general 
purpose simulation software has been used in this case, the concept model is already programed and 
the validation is done on the actual model. In this part of the process the model results are compared 
with historical data to see how well it represents the real world system.  The more detailed the 
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model is the more it will resemble the real world, but simplifications must be done so that the 
simulation can run properly. A large problem in validating the model is that no data historical data for 
downtime could be provided. An approximated yearly value for this is then based on the experience 
of the personnel at the logistics department for the given installations. In order not to violate any 
confidentiality rules the data used for the validation can be found in appendix? A problem which was 
solved by adding an extra “gate” function to the model was that there were too many items 
continuously in the system. This was solved during the validation process, when this was done the 
results were quite similar to what was expected based on the historical data. The input data used in 
the validation can be found in appendix C, and was the historical average demand, with the 
simulation setup shown in the model above. The model used the expected amount of chemicals, the 
lead time seemed reasonable according to the assumed routing, and the total amount of cases 
where problems could arise was also around the expected value.   
5.5 The different cases 
With the validated model it is possible to analyse the different cases or problems described 
previously.  Below are the cases that we look upon using the model: 
 Today’s situation; is the capacity sufficient offshore? 
 What is the effect of increased demand on the existing system for the different installations? 
 How will improved capacity offshore influence the system with today’s demand, and future 
demand? 
 How will improved planning (reduced delay in ordering and better monitoring) improve the 
system with today’s demand, and future demand? 
For the different cases, the model generates two results. One report and one graph, the report give 
the numerical value for the situation, where the graph is an illustration of the tank levels variation 
over the simulated period.  For some of the cases described in the different scenarios these graphs 
are presented in the result, and this is will serve as a general description on how to evaluate these 
graphs: 
 The graphs are generated for one chemical at the time, the type of chemical evaluated will 
be stated in the figure text. 
 The y axis in the graph starts at zero and stops just above the maximum tank level for the 
given chemical in the given situation. The X axis is the time axis, and start at zero and end at 
17520 hours. 
 The graphs show how the consumption is reducing the inventory levels in the tanks, as the 
time passes. And how the system is replenished. For some of the chemicals this will look like 
a periodic graph, where the level is reduced by one and replenished by one immediately. This 
happens for cases where one item equals a large part of the tank capacity and consumption 
is low. 
 For better understanding of the graphs see Figure 7: “Inventory Control graph, inventory 
development over time”. This is showing the same data, but in a close up scale.  
 ROP, time between orders and   time when levels are at zero can be viewed in these graphs 
in the model, where there is a possibility to zoom inn on the most interesting areas. But an 
indication can be viewed in the graphs shown in the report. 
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5.5.1 Scenario 1 Keeping the system AS-IS and introducing elevated mean demand 
For the different installations the first simulation runs was done on the “as-is” model with the 
following mean demands: 
 Historical mean demand (validation case) 
 10% increase 
 25% increase 
 50% increase 
The model was running on a setup where the time would start at zero and end at 17520 which is the 
amount of hours in two years. The model runs five times for each of the installations at each of the 
demand levels. ExtendSim generated reports show the utilization of the tanks which is the amount of 
times there are items in the queue, the amount of items that have been received and amount of 
items departed. In cases where the utilization number is 1 there are no problems. For utilization less 
than zero further investigation is needed to evaluate the impact this has on the system. The model 
plots the value of the tank level as time progress, for all the different chemicals. Each of these plots 
can be found in Appendix G, and for some of the cases evaluated, the graphs are included in the 
report. Although effort was made to get a hold of Statoil’s prediction for future demand, no data was 
collected supporting the increase. The choice to stop when the demand had increased with 50% was 
a choice made as it was assumed that this would be a large enough increase to indicate how the 
systems would react. 
5.5.1.1 Installation A: 
The generated report from ExtendSim can be viewed in Appendix G In this section the results from 
the simulation will be presented, and an explanation to the results will also be given. The table below 
shows the average utilization of the queue for the chemicals used at installation A: 
Table 9: ExtendSim report values for installation A, simulation scenario one 
Chemic
al 
Utilizatio
n As-Is 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 10% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 25% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 50% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
H2S 
remove
r 
0,995148 85 0,988426 203 0,971138 506 0,93492 1140 
Emulsio
n 
breaker
1 
1 0 1 0 1 0 1 0 
Emulsio
n 
breaker
2 
1 0 1 0 1 0 1 0 
Nitrates 1 0 1 0 1 0 1 0 
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As this table shows the only chemical with possible problems is the H2S remover.  Due to the build-
up of the model, utilization values less than zero does not mean that there is a stock out. This is 
because one “item” would/could be in the activity-block draining the system. The amount of hours 
with utilization less than one is the total amount of hours within the two years of the simulation. The 
tank level for H2S remover varied over the time and did not have a continuous level of zero equal to 
the amount of hours in the table above. This can be seen in the graphs below: 
 
Figure 20: H2S levels installation  A, scenario one, with original demand 
 The blue line in this graph indicates the amount of H2S “items” there are in the tank at a given time. 
The bottom value of the graph is zero and the top value is the maximum capacity of the tank. As time 
progresses an item will be removed and blue line drops a level, when new orders are received the 
value rise again. The graph above has three negative spikes that differ from the general pattern. In 
these cases the value drops to zero, which according to table 9 is the case for a total of 85 hours over 
the entire simulation period.  
 
Figure 21: H2S level, Installation A, scenario one, 50% increased demand 
These graphs illustrate the tank level of H2S for installation A in the case of As-Is demand and with 
50% increased demand. From these graphs it is possible to see the amount of times where the stock 
level is at zero. By dividing the total amount of time with utilization below one of the number of 
possible stock outs we find the average time before the tank is replenished. If this time is found to be 
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less than the average time to consume the item still in the activity block, there would not be a stock 
out.   
Table 10: Resulting possible time without chemical offshore for scenario one, installation A 
Model setup Total time with 
utilization less than 
1 [h] 
Number of times 
with tank level of 
zero 
Average time 
without items 
in tank [h] 
Ave time to 
consume one 
item 
As-Is setup 85 3 28 Se appendix C 
or E 
50% increased 
demand setup 
1140 27 42 Se appendix C 
or E 
For this installation, with the 50% increased demand, the time it take to use one item quantity of H2S 
far exceeds the average time it take to replenish the tanks when the level is zero, and the average 
time without chemicals in tank found in table 9 above. The results indicate that there are few, if any, 
problems with the existing capacity of the system. 
5.5.1.2 Installation B 
As the case was for installation A the full report of this scenario can be found in Appendix G. The 
results will be presented in a similar manner as for installation A with one exception. During the 
simulation for this installation it was found that the model for corrosion inhibitor was faulty after 
further examination it was concluded that this fault was a result of the huge increase in consumption 
in 2010 compared with the other years. The capacities for this particular chemical were also so low 
that it made the model fault. When further examining the case for this chemical it was found that 
even with the highest of consumption in the resent years, the capacity exceeded 140 days. This long 
huge capacity compared to the lead time and consumption result in the assumption that no 
problems should arise with this component. As a result of this assumption the corrosion inhibitor was 
removed from the simulation done on installation B. Giving the following table based on the reports. 
Table 11: ExtendSim report values for installation B, simulation scenario one 
Chemic
al 
Utilizatio
n As-Is 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 10% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 25% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 50% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
H2S 
remove
r 
0,9997 5,26 0,988808 196,1 0,991834 143 0,943862 983,54 
Emulsio
n 
breaker
1 
1 0 1 0 1 0 1 0 
Nitrates 1 0 0,99933 11,73 0,999814 3,25 1 0 
 
In this table there are some areas that need commenting. The values found for nitrates are very high 
and as the reports will show the utilization for most of the runs with 25% increased demand was 1. 
This indicate that the capacity for this chemical is very good, which was further proven with the 
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result when having 50% increased demand. And the total amount of hours with less than 1 for 
utilization is lower than the consumption time of one item. There is also an improvement in the 
utilization when the demand increases from 10% to 25%, the reason for this is that when the 
demand is 25% higher than the original demand, the ROP gets a higher value. The value used as ROP 
in the simulation is the first whole number above the ROP found in the calculations shown in 
Appendix E. The most interesting chemical to review is in this case, as it was for installation A the H2S 
remover. The following is the graphs found for installation B when looking at the tank levels or H2S 
remover 
 
 
Figure 22: H2S levels installation B, scenario one, with original demand 
As this graph clearly shows the amount of time with utilization below 1 is the result of one event 
where the level was zero, which it was for 5.26 hours. This would not be a problem and the value is 
much less than the time it would take to consume the last item which was in the draining activity.  
 
Figure 23:H2S levels installation B, scenario one, with 50% increased demand 
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The amount of times with zero items in the tank is significantly increased for the case when the 
demand is 50% higher than the original case, but again we see that the level is above one again very 
fast. If we set up the same table for H2S as for installation A the following values are found.  
Table 12: Resulting possible time without chemical offshore for scenario one, installation B 
Model setup Total time with 
utilization less than 
1 [h] 
Number of times 
with tank level of 
zero 
Average time 
without items 
in tank [h] 
Ave time to 
consume one 
item 
As-Is setup 5,26 1 5,26 Se appendix C 
or E 
50% increased 
demand setup 
983,54 58 16,96 Se appendix C 
or E 
 
The difference between the consumption time of the last item and the average time without 
chemicals in tank is for installation B as for installation A higher, and the result indicate that the as-is 
setup for this installation is also working and can withstand higher demands.  
5.5.1.3 Installation C 
From the data provided by Statoil this installation has the highest potential for stock out.  The 
simulation study on installation C starts with the existing system capacities and demands, as was the 
case for installation A and B as well.     
Table 13: ExtendSim report values for installation C, simulation scenario one 
Chemic
al 
Utilizatio
n As-Is 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 10% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 25% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 50% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
H2S 
remove
r 
1 0 0,999956 0,77 0,996612 59,36 0,939058 1067,5 
Emulsio
n 
breaker
1 
1 0 1 0 0,99928 12,61 0,996626 59,11 
Nitrates 0,99785 37,668 0,984774 266,75 0,905754 1651 0,677062 5657,87 
Scale 
inhibito
r 
0,996552 60,4 0,994644 93,83 0,991164 154,8 0,983614 287,1 
Compared with installation A and B it is easy to see that this installations have more problems 
related to the inventory levels of its chemicals. It was found that for some of the chemicals the 
recommended reorder point was actually higher than the available tank levels. This could indicate a 
capacity problem at the installation. The same evaluation as for Installation A and B were done for 
Installation C, but for the scale inhibitor and the nitrates as well as for H2S remover. 
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Figure 24: H2S levels installation C, scenario one, with original demand 
 
Figure 25: H2S levels installation C, scenario one, with 50% increased demand 
Table 14: Resulting possible time without H2S remover offshore for scenario one, installation C 
Model setup H2S 
Remover 
Total time with 
utilization less than 
1 [h] 
Number of times 
with tank level of 
zero 
Average time 
without items 
in tank [h] 
Ave time to 
consume one 
item 
As-Is setup 0,77 Initiation delay 0,77 Se appendix C 
or E 
50% increased 
demand setup 
1067,5 Approx.90 11,86 Se appendix C 
or E 
45 
 
 
Figure 26: Nitrate levels installation C, scenario one, with original demand 
From the graph it is possible to see three times when there is a risk that priority order has to be 
made in order to keep the inventory level up. 
 
Figure 27: Nitrate levels installation C, scenario one, with 50% increased demand 
In this graph it is not possible to count the amount of times the level is zero. It clearly shows that the 
safety stock level is non-existing, and incomparable with the sketch in figure from the chapter on 
inventory control. Not providing a good solution. 
Table 15: Resulting possible time without Nitrates offshore for scenario one, installation C 
Model setup 
Nitrates  
Total time with 
utilization less than 
1 [h] 
Number of times 
with tank level of 
zero 
Average time 
without items 
in tank [h] 
Ave time to 
consume one 
item 
As-Is setup 37,68 3 12,56 Se appendix C 
or E 
50% increased 
demand setup 
5657,87 N/A N/A Se appendix C 
or E 
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Figure 28: Scale inhibitor levels installation C, scenario one, with original demand 
The graph shows a nice and predictable reduction of the inventory before re orders is made. On two 
occasions the level in the tank is zero, but only for a very limited period of time. 
 
Figure 29: Scale inhibitor levels installation C, scenario one, with 50% increased demand 
When the demand is increased to 50% if the average the frequency of re-orders rise for the scale 
inhibitor, but the graph still shows a nice and predictable development for this chemical. 
Table 16: Resulting possible time without Scale inhibitor offshore for scenario one, installation C 
Model setup Scale 
inhibitor 
Total time with 
utilization less than 
1 [h] 
Number of times 
with tank level of 
zero 
Average time 
without items 
in tank [h] 
Ave time to 
consume one 
item 
As-Is setup 60,4 2 30,2 Se appendix C 
or E 
50% increased 
demand setup 
287,1 12 23,92 Se appendix C 
or E 
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The values for the scale inhibitor are much less than the consumption time of one item and it is 
assumed, for the same reasons as in the case of H2S remover for installation A and B, that the 
capacity for scale inhibitor can be regarded as good for this installation. This is not the case for the 
H2S remover and nitrates. The average difference between the consumption time and the average 
time without item in tank for these chemicals, together with the consumption time and lead time 
relationship, indicate that there could be a need for priority calls to this installation. For this 
installation a worst case consumption table was made available from Statoil, and this consumption is 
even higher than 50% more than the average consumption, giving further indications towards low 
tank capacities.  
5.5.1.4 Summary of the results in first scenario simulations 
The first scenario was built to see how the installation with the current set-up would respond to an 
increasing demand. From what was found in this part of the study, both installation and B are well 
suited for an increased demand, whereas installation C seems to be struggling. Based on these 
results it is concluded that there is no need to see the effect of increasing the capacity at installation 
A and B since they are at sufficient levels at the moment. The scenario on how more IO tools in the 
ordering process could affect the installations availability of chemicals will be tested for all 
installations.  
5.5.2 Scenario 2: Increasing the capacity at the installations 
By increasing the capacity more items can be ordered at the when the tank level reach the 
recommended ROP. In this scenario it is only installation C that is evaluated since this was the 
installation where priority orders due to low chemical levels seemed most likely to occur. Since the 
problem was found for the H2S and the Nitrates in scenario one, these are the chemicals were 
increased capacity is evaluated. The new increased tanks will be sat to have a capacity equal to the 
minimum of 10 day capacity when the demand is at the level given in appendix F.  The results of the 
reports for these two types of chemicals are presented below: 
Table 17: ExtendSim report values for installation C, simulation scenario two 
Chemic
al 
Utilizatio
n As-Is 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 10% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 25% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 50% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
H2S 
remove
r 
0,999958 0,7358 0,999754 4,31 0,998676 23,19 1 0 
Nitrates 1 0 0,99984 2,8 0,999978 0,38544 0,999432 9,95136 
 The table shows great improvement for these two chemicals. The ROP is increased for H2S remover 
when the increased demand is 50% higher than the starting demand and for nitrates when the 
demand has increased with 25% of the original demand. This alternation to the ROP is resulting in 
improvements even though the demand has increased. The graphs showing the tank levels are also 
showing a much nicer development of the tank level than what was the original case, they also show 
that the tank levels are newer at zero for a longer period: 
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Figure 30: Level of H2S with increased tank capacity offshore, and original demand 
H2S increased capacity original demand 
 
Figure 31: Level of H2S with increased tank capacity offshore, and 50% increased demand 
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Figure 32: Level of Nitrates with increased tank capacity offshore, and original demand 
 
Figure 33: Level of Nitrates with increased tank capacity offshore, and 50% increased demand 
5.5.3 Scenario three: IO through automatic tank level reading to improve order. 
In this scenario the model is alternated by removing the block look up table and the block that 
creates constant values of zero. The result is that the first gate receives the order for needed 
chemicals instantly, and is not depending on the twelve hour schedule in the original model. The new 
ordering part of the system is illustrated below: 
 
Figure 34: Model image of new IO ordering setup 
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For this scenario the effect on all the installation were reviewed and the result is presented in the 
following tables for the different installations, the value reviewed is the utilization value for the 
different demands: 
Table 18: Comparison of ExtendSim report values for utilization of tanks, with and without IO ordering, Installation A 
Chemic
al 
Utilizatio
n As-Is 
demand 
Utilizatio
n As-Is 
demand 
IO order 
Utilizatio
n 10% 
increase
d 
demand 
Utilizati
on 10% 
increase
d 
demand, 
IO order 
Utilizati
on 25% 
increase
d 
demand 
Utilizati
on 25% 
increase
d 
demand, 
IO order 
Utilizati
on 50% 
increase
d 
demand 
Utilizati
on 50% 
increase
d 
demand, 
IO order 
H2S 
remove
r 
0,99514
8 
0,99628
8 
0,98842
6 
0,99438 0,97113
8 
0,98614 0,93492 0,96094 
Emulsio
n 
breaker
1 
1 1 1 1 1 1 1 1 
Emulsio
n 
breaker
2 
1 1 1 1 1 1 1 1 
Nitrate
s 
1 1 1 1 1 1 1 1 
As the table shows the result of having automatic reading of tank levels gives a slight improvement in 
the utilization of the H2S tanks for this installation. Something to notice in the result is to see how 
the benefit of this ordering mechanism increases with the demand.  
Table 19: Comparison of ExtendSim report values for utilization of tanks, with and without IO ordering, Installation B 
Chemic
al 
Utilizatio
n As-Is 
demand 
Utilizatio
n As-Is 
demand 
IO order 
Utilizatio
n 10% 
increase
d 
demand 
Utilizati
on 10% 
increase
d 
demand, 
IO order 
Utilizati
on 25% 
increase
d 
demand 
Utilizati
on 25% 
increase
d 
demand, 
IO order 
Utilizati
on 50% 
increase
d 
demand 
Utilizati
on 50% 
increase
d 
demand, 
IO order 
H2S 
remove
r 
0,9997 1 0,98880
8 
0,99927
4 
0,99183
4 
0,99972
8 
0,94386
2 
0,99075
2 
Emulsio
n 
breaker
1 
1 1 1 1 1 1 1 1 
Nitrate
s 
1 1 0,99933 1 0,99981
4 
1 1 1 
Installation B comparing utilization with and without IO ordering 
The results for this installation are similar to what was found in the case of installation A, general 
improvement increasing with the demand.  
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Table 20: Comparison of ExtendSim report values for utilization of tanks, with and without IO ordering, Installation C 
Chemic
al 
Utilizatio
n As-Is 
demand 
Utilizatio
n As-Is 
demand 
IO order 
Utilizatio
n 10% 
increase
d 
demand 
Utilizati
on 10% 
increase
d 
demand, 
IO order 
Utilizati
on 25% 
increase
d 
demand 
Utilizati
on 25% 
increase
d 
demand, 
IO order 
Utilizati
on 50% 
increase
d 
demand 
Utilizati
on 50% 
increase
d 
demand, 
IO order 
H2S 
remove
r 
1 1 0,99997 1 0,99661 1 0,93906 0,99234 
Emulsio
n 
breaker
1 
1 1 1 1 0,99928 0,99961 0,99663 0,99903 
Nitrate
s 
0,99785 1 0,98477 0,99925 0,90575 0,98856 0,67706 0,86466 
Scale 
inhibito
r 
0,99655 0,99909 0,99464 0,99837 0,99116 0,99352 0,98361 0,98412 
Installation C comparing utilization with and without IO ordering 
The result follows as for the other two installations, but since this installation had more difficulties in 
the original set up, the improvement in the tank levels are larger. For nitrates when the demand is 50 
% higher than the average demand, the utilization of the tanks with IO ordering is almost 128% of the 
utilization of the original model. This is a good improvement.  
That adding automatic readings of the tank levels would be beneficial, was expected. The effect was 
found to be highest in the cases with highest demand and lowest original utilization grade.  
5.5.4 Scenario 4: Increasing the capacity and using IO ordering system  
To increase the capacity and not introduce automatic reading of tank levels would probably not be a 
realistic option in the real world. New tanks would have this option available. This last scenario will 
look at how the situation for H2S remover and Nitrates on installation C would be if both these 
improvements were added to the system. There would be no problem in conducting this simulation 
for all the chemicals at all the installations, but since these cases where the most interesting ones 
they are selected.  
The setup used for this scenario was the one where the demand was 50% higher than the original 
demand. This was chosen since the two improvements had good results by themselves, and the 
combination was therefore assumed to be even better. 
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Table 21: ExtendSim report values for installation C, simulation scenario four, increased capacity and IO ordering 
Chemic
al 
Utilizatio
n As-Is 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 10% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 25% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
Utilizatio
n 50% 
increase
d 
demand 
Hours 
with 
utilizatio
n less 
than 
one 
H2S 
remove
r 
1 0 1 0 1 0 1 0 
Nitrates 1 0 1 0 1 0 1 0 
 
 
Figure 35: Tank level H2S, Scenario four, 50% increased demand 
 
Figure 36: Tank level Nitrates, Scenario four, 50% increased demand 
It became a perfect result when both improvements were added to the system.  
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5.5.5 Evaluation of the results: 
In the first scenario the intention was to evaluate how the different installations would handle and 
increase in demand. For installation A and B the results was found to be that these installations were 
capable to handle the increase in a satisfactory manner. At Installation C the increase lead to a 
problem. The need to restock at this installation happened extremely often. If it is taken in to 
consideration that the increased values of demand used in the simulation, were lower than the 
maximum consumption per day given for this installation in appendix F, the problem is even more 
visible. The results given in the reports do not give the maximum time with tank levels at zero, this is 
the time needed to be compared with the average consumption time for the last item. The way this 
was done was to try and count all the times the graph was at zero and divide the total time without 
items in the tank by this value. This was probably not entirely accurate, but for installation A and B 
this average time was so much lower than the consumption time in the same situation, so it was 
found that this assumption provided an acceptable approximation.  
Scenario two introduced increased capacity for the tanks at the installation with the larges problem 
in handling the demand. Since it is Statoil policy to have at least 10 days of capacity, which was not 
the case for these chemicals at this installation, it was expected that this would give a good result. 
The new capacities gave a much nicer development in the inventory levels, and reduced the need to 
be re-stocked every day. By raising the ROP as well the H2S remover got a perfect result with the 
highest increase in demand after this modification. The results for nitrates were also very good and 
for the two year run of the simulation, an average of fewer than 10 hours where there was no items 
in the tank was found.  
In the third scenario the idea was to introduce IO thinking by allowing continuous automatic reading 
of the tank levels. This would allow the experts onshore to make alternations to the order according 
to the latest plans affecting the demand, which could further improve the results found in this 
model. The difference from the first scenario to this was only the removal of the restriction to when 
orders could be sent. For all the installation an improvement in the utilization of the tanks was found. 
It was also found that improvement was greatest for the situations which were most problematic in 
the original setup of the model. As in the second scenario an improvement was expected, but the 
results of this implementation were found to be better than expected. The best result improved the 
utilization of the nitrate tank on installation C from 67, 7% to 86, 5%. This is a reduction in the 
possible hours when stock out could occur from 5659 hours to 2365 hours, a difference of 3294 
hours over the two years simulated in the model. 
As stated in the introduction to scenario four it is very likely that the improvement in scenario two 
would be implemented without the improvement method given in scenario three and vice versa.  In 
this scenario both these improvements was conducted for the problem cases found at installation C, 
and the result was found to be very satisfactory. This was without a doubt the best result, which 
came as no surprise. With both the improvements in place there was no time during the two years 
simulated where there was a danger of stock out. This can be directly translated to no need for 
priority shipments due to lack of chemicals. These results do not take into consideration if they are 
possible to do in the real world. If a conclusion should be made based on the simulation, the 
capacities for installation C should be improved and the tanks fitted with automatic reading of tank 
level.   
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Table 22: Summary of the results of the different scenarios 
Installation Result Scenario 1 Result Scenario 2 Result scenario3 Result scenario 4 
A Acceptable for all 
demand values 
No need to 
evaluate for this 
installation  
Slight 
improvement for 
all chemicals 
Not evaluated 
B Acceptable for  all 
demand values 
No need to 
evaluate for this 
installation 
Slight 
improvement for 
all chemicals 
Not evaluated 
C Problems 
discovered for 
H2S Remover and 
Nitrates 
Large 
improvement for 
the evaluated 
tanks 
Good 
improvement 
found, especially 
for the worst 
cases 
Best result found, 
no problems for 
the tested 
demand values 
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6 Discussion 
 
In the chapter “benefits of simulation in supply chain management”, a list of success factors was 
given. Based on these factors the model is evaluated.  
The first success factor was based on the models ability to produce results interesting to the user.  
The model as it stand can find the lead time and standard deviation of this value with the help of an 
excel sheet. It generates a report indicating which can be used to see the amount of chemicals 
consumed over the simulated time period and most importantly the utilization of the queues 
representing the offshore tanks. These results can be used to evaluate how the system is functioning 
in today’s situation, and how it will function over time. The results found in the case gave an 
indication of limited capacity on one of the installations evaluated, a result that is found to be of 
great interest to a user.  
The ability to produce results not possible with any other methods was the second success factor 
mentioned by Strandhagen. In chapter 4 on supply chain management several other methods within 
the field of Operational research were described with their benefits and limitations. The best results 
would be found if it was possible to implement the changes on the real world system and evaluate, 
but this is naturally not possible due to the cost and risk involved in a failure.  The result of this is that 
the system has to be modelled in some way. Creating a physical scaled model would be possible, but 
the time and cost it would take to model such a complex system is assumed to be too large. The 
model would also be extremely limited to this one case if a physical model was to be used.  The 
result of this is that some sort of mathematical model was the only feasible solution to evaluate the 
problem. And the different methods that could be used were:   
 Spread sheet cost models 
 Decision trees 
 Queuing theory 
 Discrete-event simulation 
 Inventory theory 
 Mathematical programming(optimisation) 
A spread sheet cost model is a static model, which would not allow for changes to occur over time. 
There were no cost data gathered for the analysis, and this model would be more suited for a later 
stage where different improvement options were to be evaluated, and not for the problem evaluated 
in this case. Decision tree as a method has its strength in evaluating the flexibility of a supply chain, 
and could perhaps be used if the probability for an increase was known as well as the cost of having 
stock out. The way such a method could be used is not clear, and based on the data found in the field 
studies this was not an option. Queuing theory could be used to evaluated the problem, this method 
is able to find the time an entity spends in the system, how the system resources are utilized and 
waiting times which is very relevant to the problem evaluated in this work. This is not surprising since 
the simulation model that was built is largely based on queuing theory. The limitation of ordinary 
queuing theory is that it is unable to handle complex systems, then simulation is preferred. Inventory 
theory is used in the work conducted together with the simulation and helps to find some of the 
answers that was searched for, but would not be able to find a good value for the amount of stock 
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outs by itself. The best option to the simulation model would perhaps be mathematical 
programming, using algorithms and heuristics to model the problem. This method is often called 
optimization since it is able to give a recommended optimal solution to the problem it is evaluating. 
For such an optimization to be a good choice of method the problem would have to be formulated as 
a max-min problem. This could be done as minimize the time without chemicals available offshore, 
or maximize the utilization of the tanks offshore.  The main drawback of this method is the 
complexity; the method is described as both time consuming and advanced where external experts 
often are needed. Based on the limited experience of the author with mathematically programing 
this method was not selected for the case study. Based on this it is possible that using 
mathematically programing could attain the same results as the simulation model, with the 
possibility of optimisation, and this success factor was not achieved to the highest grade. There is at 
least a limited amount of methods that could produce the same result, but as stated above perhaps 
the optimisation method should also be tested. 
Resemblance between the model and the real world system is an important factor to discuss when 
evaluating the simulation model. During the modelling assumptions were made, each of these 
assumptions could distance the model from the real world system. To limit this validation of the 
models results based on historical values form the real world system was used. It was found to be a 
good resemblance between the real world system and the model, there are however some factors 
that could improve the model. The first is a delay at the base due to bad weather, which could be 
modelled in the same way as the delay for waiting on platform offshore. There are cases where the 
vessels are not leaving the base at the scheduled day due to bad weather, but no statistical data on 
this was available at the time of this study. This would give an effect on the lead time and standard 
deviation of this value again influencing the ROP and could influence the final results. The second 
part that could get an improved resemblance to the real world would be the part of the model that 
represents the sailing and sailing options. As the model stands the sailing for different chemicals, and 
installations are not dependent on each other, which is not the case in the real world since one 
vessel is carrying all the goods to the installations on its route.  If this part of the model somehow 
could be linked to the routing program by Fagerholdt and Lindstad and the load manager by 
Marintek, there could be much more depth and realism added to this part of the model. On the 
other hand, the model as it stands does in some manor take the dependency of routing into 
consideration since the delays in this section of the model is based on a routing scheduled where the 
installations are visited in a given order. And as for the independent loading of chemicals to the 
vessel, it was found that the vessel capacities were so large that there would not be a problem due to 
limited space on the ship, which was also supported by the experience at supplier, base and vessel, 
that this simplification would not differ the model results from the real world results. Increasing the 
resemblance to the real world system, would mean that the model would have to become more 
advanced, which could open for more errors than benefits due to the increased complexity. This 
would also make the running of the model more time consuming, perhaps decreasing the usage of 
such a model. All in all it is found that the model developed is a good although not perfect 
resemblance of the real world system; 
 The system has chemicals available onshore as stated by the supplier, due to the large 
amount of items created in the exponential distribution in the beginning, and the delay in 
the onshore process is within the 48 hour limit with the given normal distribution.  
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 The routing emulates the system by using the shutdown function to replicate that vessels 
leave the base. And the selection of routing option is based on statistical data. 
  The consumption is normal distributed with a mean set to the average of historical demand 
values, which seems like a reasonable assumption.  
 When the model was given the as-is data the results were similar to what was expected 
based on the experience given by personnel at Statoil. 
 For cases where the capacity was good, the graph retrieved from the model showed the 
same situation as figure 7.  
The fourth success factor relates to the time an inexperienced user would have to spend from the 
time he starts using the tool until he has the model running. A good user interface where the most 
important parameters that separates one installation from another, such as capacities and 
consumption could be entered would make it easy for new users to benefit from the model. This is 
unfortunately not the case for the model built for this project. A user interface place on top of the 
model has not been created, the user would therefore have to go manually into each of the blocks 
and alternate the values for each new case that is to be investigated. This gives an experienced user 
good flexibility in alternating the model, but would possibly significantly increase the time it would 
take an inexperienced user to get a new model running.  
The final success factor is the accuracy and validity of the results. As the model was validated during 
the building, it is assumed that the result s would be valid. The results that was gained by the case 
study was that there was a shortage in the capacity at one of the installations, and that implementing 
automatic tank level readings and increased capacity would improve the situation. Based on this the 
results are accurate given that the model is valid. If it is also taken into consideration that for the 
installation where capacity problems were found a “worst case” consumption that was higher than 
the 50% increased consumption evaluated was given by Statoil, the result that this installation has to 
low capacity is further strengthened. Now the demand/consumption increases that was used in the 
simulation case was limited to a maximum of 50% increase which may not be the case, as the only 
statement received from Statoil was that it was expected that future demand would be higher.  This 
could affect results on installation A and B where the findings where satisfactory capacities. 
Nevertheless the result found for the consumptions evaluated provide an indication on how the 
system reacts to changes, which in itself is a result. Since there are no cost values evaluated, the only 
value that suggests changes to the system is the improvement in tank utilization, the result being 
that no suggested solution is provided. The results are therefore only to be used as an indication on 
how the system performs given the different setups, and for the cases where the results are that the 
system is not working in an acceptable way, a thorough evaluation of the possible improvements 
should perhaps be made. This evaluation could include optimisation of tank capacities given actual 
forecasts of future demand, available space offshore, and cost of implementation.  
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7 Conclusion 
The main objective of this report was to conduct an analysis of the supply of production chemicals to 
offshore installations. The problem given by Statoil was that the current system was out dated since 
manual tank readings were necessary, that the capacities were insufficient and that this would get 
worse as the demand is predicted to rise.  The method chosen for this analysis was discreet 
simulation modelling, which was selected on the basis of supply chain management theory and the 
data collected in the field studies. The paper give a description of the supply of production chemicals 
and based on this description of the system a model was created.  The analysis also included results 
relating to how ideas from the field of Integrated Operations would affect the systems performance, 
with automatic tank level readings. 
The model built in the case provided a good “what-if” analysis of the system which could be useful 
when investigating if modifications are needed, and provide an overall image of the supply chain for 
the four different scenarios in the case. In the discussion the list on what makes a successful 
simulation study was used to discuss the work. The following is a conclusion based on this discussion:  
1. Ability to produce results not possible with any other methods: The model evaluates how a 
system is able to handle future challenges, with different alterations. This would best be 
investigated by changing the real system, but since this is impossible due to the cost, 
simulation modelling was found to be the best method. 
2. Could other methods have been used: During the discussion it was found that the best 
option to the simulation method that was chosen would be mathematically programing. This 
option would allow for optimisation, and could provide a suggested improvement to the 
existing system. It was also found that this method would probably be more time consuming, 
and that it would require external experts, but again the question was whether or not other 
methods could be used, and the answer is therefore yes.  
3. Resemblance between the model and the real world system: The approximation made in the 
modelling is found to be good, and the results were validated by historical data. Assumptions 
were however made and improvements could always be made for a closer resemblance. 
4. The time an inexperienced user has to spend from the time he starts using the tool and till he 
has the model running: In this part there are room for improvement as no overlaying user 
interface has been made in the model. The explanations given in the report and appendix 
would allow an inexperienced user to alternate the model, but no attempts to find the time 
it would take has been conducted during this work. 
5. The validity of the result: Based on the historical data and experience provided by Statoil the 
As-is model is giving a result that is reasonable when looking at the throughput, lead time, 
and amount of times there is a need to make priority calls due to lack of production 
chemicals. Given that the assumptions made in the other scenarios are not too far from what 
would be the real case, the results are found to be accurate and valid.  
Given the assumptions made in the modelling, it was found that there was sufficient capacity on both 
installation A and B to handle the average demand based on data from the last three years. 
Installation C did show some weaknesses in this first scenario, and it was concluded that this 
installation did not have sufficient capacity. Whether or not the installations had sufficient capacity in 
today’s situation was the first problem addressed when building the model. The next step was to see 
what would happen if the demand increased. For installation A and B the results were still good, and 
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it is assumed that problems would not arise before the demand increased even more than the 50% 
increase used in the model. For installation C, which struggled with the original demand, the 
situation naturally got worse. Both these questions were addressed in the first scenario of the 
simulation case. The next question that was asked to be evaluated by the model was which changes 
to the system would prove to be the most efficient.  This was done in scenario 2-4. Since the results 
in the first scenario was so good for installation A and B it was found unnecessary to see how 
increasing the capacities would affect these installations, the improvement of adding automatic 
readings of tank levels to the system was however done for all the installations. This was done since 
one of the main questions was how IO ideas could improve the situation. It was found to be true for 
all the installations that such an implementation of automatic tank level readings would give an 
improvement. The size of the improvement was larger the “worse” the original situation was. The 
largest improvements found by implementing one improvement was found when the capacities on 
the offshore tanks at installation C was increased to last for the minimum amount of days given by 
Statoil, 10 days. This gave an almost perfect result for the demands used in the model. The last 
scenario in the simulation case would be the one giving the best result, as this case was the 
combination of both the improvements on installation C. There was no amount of time where the 
possibility of stock–out was found during this run of the simulation. This option would also be the 
most likely improvement in the real world since there would be no reason not to include automatic 
tank readings if the tanks offshore were to be replaced by new larger tanks. The results given from 
the model indicate that such a simulation program could become a valuable decision support tool. 
For this simulation model to become a decision support tool there are much work to be done. An 
overlying user interface must be made so that the model would become easy to use for personnel 
with no experience in the model.  The presentation of the result reports could also be improved so 
that there is no need, for the operator running the simulation, to do extra spread sheet calculation in 
order to receive the result they look for. Furthermore the model should be linked to other work done 
on the subject of offshore logistics, modelling and simulation. Creating a link to the rout planer made 
by Fagerholt and Lindstad and the load manager created by Marintek, could give a new dimension to 
the routing part of the model both for the delay, and the available capacity of the vessel. If there is a 
possibility to link the results found in some of these studies together, provided an easy user interface 
is made, the result could become a good decision tool for the logistic management of offshore 
supply.  A cost benefit analysis must, as mentioned previously, be conducted on the different 
improvements to evaluate if they are could be implemented in the real system. The model in this 
report does not take cost or the fact that the improvements of a given scenario could be impossible 
to conduct. Finally to get a more realistic result, Statoil’s forecast for the future demand should be 
used in the model. This problem was briefly mentioned in the discussion chapter, and if there are no 
such forecasts available they should be made. Since the demand has such an important effect on the 
result, it is therefore of the utmost importance that the simulation is run again with these values.  
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Appendix  
A: Simulation Block description 
 
 
This block is used to create “Items” in the simulation model. The items in the model made in this 
paper represent a quantity of a given chemical. The block creates the item based on an exponential 
distribution, and it is possible to alternate the distribution and the mean time between creation in 
this block. 
 
The queuing blocks are used throughout the model and are places where items are “stored”. The 
queuing block is used to emulate the tanks offshore in the simulation made for this paper. It has 
many possible features, but in this paper it is used as an infinite queue in the first parts and as a 
queue whit limited capacity when emulating the tanks. All the queues in the simulation is set to the 
first in first out setting. From the “tank queues” the level is monitored and ploted. 
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The gate block is used to route items into the system at given times. The simulation uses two gates 
one which is value driven and a second which is item driven. The difference is that the value gate will 
open when it receives a given value, which in the model is the order quantity. The second gate is a 
safety gate that makes sure that there is not to many items released into the system. This gate needs 
to register that an item has actually left the system before it opens.  
 
The activity blocks are used to ad delays to the items and simulate different stages of the supply 
chain in the model. This block can have a constant delay, or a distributed delay with a mean and 
standard deviation. In the model this is used to simulate the delivery time, the sailing from base 
offshore, the delays offshore due to waiting, and also the draining of the tanks or demand.  
 
These blocks work in close relations to the activity blocks and are used to simulate that the supply 
vessels are unavailable for loading when they are offshore. This is done by connecting them to the 
different activity blocks emulating vessels. The shutdown block will send a signal at a given interval 
making the activity block unavailable for this period. The items already in the activity block will not 
be affected, which is the real world case of them being transported.  
 
This block is used in situations where there are several options for the item regarding routing. These 
blocks use probability to select the output for an item, and thus the different routings. The 
probabilities used in these blocks in the model are based on historical data.  
 
C 
 
When it is possible to get items from several activities it is a need to gather the items on the same 
path again. This is done whit the select item in block. 
 
The history block register an item as it pass through. This block does not give any extra delays and is 
used in the beginning of the supply chain and the end of the supply chain to find the average lead 
time and the standard deviation for the lead time. Two blocks are needed in the chain to do so. 
 
This block receives one item in and divides them in to several items, in the model it is used to 
duplicate the item as it leaves the system in order to activate the item gate, as the item exits.  
 
The opposite of the create block, removes items from the system as they arrive and register the 
amount. Works like a sink. 
  
The Equation block is a value block. Value blocks don’t send items, but values. In the model this block 
is connected to the tank queues and has a function that will send out a value for some tank levels. In 
the model this is programed as an IF sentence which differs from system to system.  The equation 
block is used in the part of the model that simulates reorders, and the value generated in this block 
opens the value gate. Exampel of an equation in this block could be: 
If (inCon0<=1) 
outCon0=10-InCon0 
else  
ouCon0=0 
where inCon0 and outCon0 is the incoming and outgoing conectors.  
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The display block does just that, displays values as they pass through. Does not ad any attributes to 
the system. 
 
The look up table value can be used to select different values from a given table, or as in the case of 
this simulation to release a value based on the time in the system. This is used together with a select 
value in block, where it for some given periods will release the value 1, chaiging the routing of the 
select value in block. 
 
The constant value block is self-explanatory, and in the model it is constantly producing zero values. 
This is to ensure that the value gate is closed when except from when orders are to be sent. The 
constant value block and the equation block send the values through the select value in block which 
is governed by the lookup table value block. 
 
The select value in is, as described earlier, governed by the lookup table value block. As long as it is 
not receiving the value 1 from this block, the select value in selects the top input. In the model the 
top input I connected to the constant value block and thus the value that is passed through this block 
in that situation is zero. 
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B: Statoil Logistic Statistics-Confidential 
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C: Statoil Tank Capacities and demand calculations-Confidential 
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D: Vessel data 
Viking Energy 
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Viking Energy Tanks 
 
 
Havilla Foresight 
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E: ROP and Safety Stock calculation-Confidential 
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F: GFC capacities, max consumption-Confidential 
 
G: Model, reports, images and graphs-Confidential 
The size of the model, report and amount of images and graphs generated in the model was found to 
be too large to given in the print out report. This can be found on the appendix cd.  Due to the size of 
the model files, which all in all accumulated to 16 GB, the only model that is available on the cd is for 
GFA with the original as-is setting. This will show the general model setup.  
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H: Master Sailing Schedule-Confidential 
 
 
 
 
 
 
